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THE COLOR or WATER. 


By DESMOND FITZGERALD AND WILLIAM E. Foss. 


As many cities and towns are obliged to depend upon 
surface waters for their supplies, and as surface waters are 
liable to be discolored by the vegetable matter with which 
they come in contact, making them objectionable in appear- 
ance, it is important to have an accurate scale with which 
to measure the amount of the discoloration. 

For several years past, this matter has received much 
attention upon the Boston Water Works. One of the prin- 
cipal sources supplying the city of Boston is that of the 
Sudbury River. The area of the water-shed above the point 
of taking, is about seventy-four square miles. On this area 
several large storage reservoirs have been built for the pur- 
pose of equalizing the yield of the streams. As the sites of 
the reservoirs have been mostly stripped of all organic mat- 
ter, the effect of storage is to reduce the color of the water 
delivered by the feeders, but as it is impracticable to keep 
VoL. CXXXVIII. 26 
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the water in store long enough to decolorize it completely, 
much study has been given to the source and amount otf 
the color delivered by the streams supplying the reservoirs. 
It has been found, as was expected, that the swamps and 
meadows were the principal sources of color. 

In July, the color of the water coming from the swamps 
is a rich reddish-brown, and in the autumn, after the leaves 
have fallen, the color has more of a greenish cast. 

The color of the brooks varies constantly during the 
year, depending largely upon conditions which cannot be 
now discussed. In winter the color is naturally low. In 
the spring the color is high, reaching its maximum in June, 
and a second maximum occurs in December. 

In making plans for the improvement and drainage of 
theswamps it became important to be sure of the measure- 
ment of the colors, and as the color of the Boston water is 
almost an exact gauge of the organic matter which it con- 
tains, it also became important that the color of the water 
delivered to the consumers should be readily and accurately 
measured on some correct scale. It is the purpose of the 
writers of this article to consider here the matter of scale 
and methods of comparison. 

When solar light is transmitted through a water con- 
taining foreign matter, some of its components are wholly 
or partially absorbed and the transmitted light is more or 
less colored in consequence. The color depends on the 
nature of the missing rays, or is the resultant of the rays 
which have been transmitted. The greater the depth of the 
water through which the light is transmitted, the greater 
will be the effect on the component .and the more marked 
the color. Light which has traversed a depth of two meters 
of distilled water has only a very slight blue color, hence 
it can be said that in pure water all of the component 
colors are transmitted with almost equal facility. 

The color standards at first used on the Boston Water 
Works were prepared by diluting portions of a highly col- 
ored water with distilled water until the colors matched 
those produced by nesslerizing varying amounts of an 
ammonia solution (0°01 Mg NH, per cc.) in fifty cubic centi- 
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meters of distilled water; the color being recorded as the 
number of cubic centimeters of the ammonia solution used. 

These water standards are, therefore, as near as possible 
duplicates of the nesslerized ammonia standards employed 
for reading the color of water. They are much more con- 
venient to use, because their color does not change as 
rapidly as that of the nesslerized ammonia solutions, which 
have to be mixed fresh at every observation. A set of 
standards having been prepared in the above manner, the 
color of a water is determined by comparison in Nessler 
tubes, which are of glass, about 15 to 20 millimeters in 
diameter and 300 millimeters in length and closed at one 
end. The tubes are filled with the different standards toa 
depth of 200 millimeters. A similar tube filled to the 
same depth with the water to be examined is moved along 
the scale until a point is reached where its color matches 
one of the standards. Al] of the tubes are viewed against 
a white background. When the color of the water falls be- 
tween two consecutive standards, the color is estimated by 
the observer. 

These natural water standards, although an improvement 
over the nesslerized ammonia standards, were found to be 
very unsatisfactory, for the following reasons : 

They did not remain constant in color, but were found 
to change even when kept in the dark. 

Standardizing a set against the nesslerized ammonia was 
very difficult, because the conditions when preparing a set 
of nesslerized ammonia solutions had to be always exactly 
similar in order to obtain uniform results. 

It was also found that owing to irregularities in the 
scale the color of a water when diluted with distilled water 
would not vary with the dilution. 

It was found that the platinum standard recently sug- 
gested by Dr. Allen Hazen* was not open to these objec- 
tions, and was a much better standard to use. 

“On the platinum standard the color of a water is the 
amount of platinum, in parts per ten thousand, which in 


* Amer. Chem. Journal, Vol. XIV, No. 4. 
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acid solution, with so much cobalt as will match the hue, 
produces an equal color in distilled water.” 

In preparing a set of standards, a standard solution hav- 
ing a color of 5:00 is usually prepared, and from this the 
lower standards are prepared by dilution with distilled 
water, 

On this standard then, from the method of its prepara- 
tion, the color of a water when diluted with distilled water 
will vary directly with the dilution. 

The platinum standard which has been found to match 
the Boston water best, contains twenty-five parts of cobalt 
to fifty parts of platinum. It has been found to keep for 
months without change if protected from dust. 

The method of comparing colors in Nessler tubes was 
not considered satisfactory. The color of a water falling 
between two consecutive standards depended largely upon 
the judgment of the observer. It was believed that a more 
convenient method could be obtained, and the colorimeter, 
shown on //ate 1, was designed to overcome these objec- 
tions. Plate 1 shows an isometric projection of the com- 
plete instrument and a section of the eye-piece. The latter 
consists of two totally reflecting prisms A and B, and a 
magnifying lens C. The lens is free to slide in the brass 
tube D, so that it can be focussed on the upper face of the 
prisms. The field of view is cut down to a circle by a 
diaphragm £, at the lower end of the tube D. 

Rays of solar light from some uniform source, after 
passing through the water placed in tube /, which has a 
plate-glass end, enter the prism 4, and emerging, illuminate 
one-half of the circular field of view. 

Rays of light from the same source after passing through 
the standard solution in tube G, enter prism #, and are 
totally reflected at its surface, and emerging illuminate the 
other half of the field of view. The colors produced by 
the absorption of the two liquids can then be readily com- 
pared and brought to the same value, as follows: 

.The standard solution is held in a glass jar, and is con- 
nected by means of a glass tube with the standard tube. 

The top of the jar is furnished with a piece of flexible 
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rubber tubing, terminating in an inflating bulb. By means 
of the latter the observer increases the depth of the stand- 
ard solution in the standard tube, until the color produced 
on the field of view matches that of the water in the other 
tube; he then closes the pinch-cock on the tubing and reads 
the color of the water from the scale on the standard tube. 

The color of a water determined by comparison in the 
colorimeter, should differ slightly from the color obtained 
by comparison in Nessler tubes and using the platinum 
standard, due to the fact previously mentioned that distilled 
water has a slight blue color. In the colorimeter the por- 
tion of the tube above the standard is not filled with dis- 
tilled water, while in the Nessler tubes it is filled. 

The following readings of a set of platinum standards 
in the colorimeter having some roo platinum standard in 
the jar, are the average of two sets of readings by inde- 
pendent observers. They show that the maximum error 
does not exceed 0°02. 

In cases where greater accuracy is required for water 
having a low color, a 0°50 standard should be substituted 
for the 1°00 in the jar. 


Platinum Colorimeter 
Standard. Reading 


0 20 0°22 

0°30 0. 32 

0°40 

o'50 0°50 

0°595 

0°70 0°70 

0°90 0°895 

1°00 
The rapidity with which comparisons could be made by 
means ofthe colorimeter led to quite extended observation 
to determine the irregularities of the nesslerized ammonia 
and natural water scale already mentioned. On the lower 
portion of Plate 2 these irregularities are illustrated graphi- 
cally. The upper scale represents a uniform gradation, and 
the middle one the gradation corresponding to the nessler- 
ized ammonia and natural water scales, and represents the 
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scale as determined by the average of observations made by 
two independent observers upon a set of natural water stand- 
ards which had just been standardized against the Nessler 
solutions. The determinations were made with the color- 
imeter having some 1°oo natural water standard in the jar. 

The lower scale shows the irregularities of the natural 
water and nesslerized ammonia scales as determined from 
the average of observations on fifteen sets of natural water 
standards made by three independent observers. 

The differences between the two scales are probably due 
. to the difficulty previously mentioned in preparing the ness- 
lerized ammonia solutions and also to changes having taken 
place in the natural water standards after being standard- 
ized. 

That the irregularities in the nesslerized ammonia and 
natural water scales are due to the method of preparation 
and not to any error introduced by the colorimeter, was 
shown by preparing a set of colors by diluting a natural 
water standard with distilled water, and then reading these 
colors on the colorimeter, having some of the original 1°00 
natural water standard in the jar. The following are the 
results : 


Dilutions of Reading on 
100 Standard. Colorimeter 

‘095 
*20 
30 *295 
40 "405 
“50 
"60 60 
80 


From these investigations it was learned thaf the ness- 


lerized ammonia and natural water standards were of very 
little value for accurate color readings. 

To illustrate the misleading results obtained by using 
these standards, the following example may be taken : 

Water having a color of 0-40 on the Nessler scale before 
filtration was found to have a color of ovlo after filtration, 
showing a reduction of seventy-five per cent. by the pro- 
cess of filtration. By the uniform scale, however, shown 
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on Plate 2, this reduction is really only about fifty per 
cent. 

Before the present form of the colorimeter was finally 
adopted, two methods were suggested by which the colors 
produced by the absorption of light by the standard solu- 
tion and those produced by the water alone could be made 
to match. 

The first was to vary the depth of the water under 
examination, while the depth of the standard remained 
constant. The second was to vary the depth of the stand- 
ard, while the depth of the water remained constant. 

A study of the first method showed that the depth of 
water could be varied between certain limits, only and 
that it was better, for accurate results, to keep the water 
under examination of a fixed depth. As the bottom of 
the tube is approached, the change in color, correspond- 
ing to any given decrease in depth of water, increases 
rapidly. It was decided that 200 millimeters would be the 
most convenient length for the tube, and that the scale 
divisions should not be less than two millimeters to be 
read accurately: also that a difference in reading of one 
scale division should not make an error in the resulting 
color of more than four per cent. It was also assumed for 
purposes of calculation that the color of the water and 
standard varied directly with the depth; that is, if the 
color of a water in a depth of 100 millimeters equals that 
of the standard in depth of 200 millimeters, then the color 
of the water would be twice that of the standard. If the 
color of the water in depth of twenty millimeters equals 
that of the standard in depth of 200 millimeters, then 
the color of the water would be ten times that of the 
standard. 

The following table shows the increase of color corre- 
sponding to equal variation in depth of the water when a 
standard of o'50 is used. It can be seen from the last 
column of this table how rapidly the differences of color, 
due to a decrease in depth of ten scale divisions, increases 
in the lower portion of the tube. It is thus evident that 
the readings of color in the upper portion of the tube 
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will be of much greater accuracy than those in the lower 
portion : 


| Depth of Depth of | Calculated | Difference of 
Standard. Standard. Water. Color of | Color for 10 
M.M. M.M. Water. Scale Divisions. 
o'50 209 
“ “ 160 o0'62 
“ 140 *o9 
120 0°83 “12 
“ 100 1°00 17 
“ “ 80 1°25 “25 
“ “ 60 1°67 “42 
“ “ 40 2°50 
“ “ 20 5°00 2°50 


In the upper diagram, Plate 2, the colors obtained by cal- 
culation have been plotted for several different standards; 
the abscissas represent the depth of water in the tube and 
the ordinates the calculated color when using the standard 
marked on each curve. 

The cross on each of the curves shows the point at which 
the error in a color reading, resulting from an error of one 
scale division in reading, would equal 4 per cent, For all 
waters having colors darker than this, a new standard must 
be employed. 

In this way it was found that where waters having colors 
ranging from o* to 1°00 arecommon, at least three standards 
are necessary. For quick, practical work this method would 
be very inconvenient. 

The second method, however, was found to have none of 
these objections; it gave readings of equal value in all parts 
of the tube, and readings from o to 1°00 could be obtained 
with a single standard, as shown by following table: 


Depth of Depth of Calculated | Difference ot 


Standard. | Water. Standard. Color of Color for to 
Scale Divisions. 


} M. M. M. M. Water. 


| 
2 
160 80 | 10 
140 7° “10 
120 *60 *10 
100 50 10 
“ 80 40° } 10 
4 “ 60 30 10 
40 20 10 
20 10 10 
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PLATE 2. 


UNIFORM SCALE. 


oO 0/02 020 030 O40 O50 O60 2.70 080 O90 


NATURAL WATER OR NESSLERIZED-AMMONIA SCALES. 


oO .3040 .50.60 .70 .80 .90 1.00 


re) 0.10 .20 .30 4O .50 .60 .70 .80 .90 4.00 
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The platinum standard has been adopted for use on the 
Boston Water Works. 

For converting any former readings on the Nessler or 
natural water scale to the platinum, the following table can 
be used. It was prepared from observations on fifteen 
sets of natural water standards. 


TABLE FOR CONVERTING COLORS ON THE NESSLERIZED AMMONIA AND NATURAL WATER 
SCALES, TO EQUIVALENT VALUES ON THE PLATINUM SCALE. 


| "10 +0 | ‘60 | “70 Bo | ‘go | “100 


"18 | +26 33 | “39 


| 


For standards darker than 1°00 no satisfactory compari- 
sons have yet been made. For reading colors darker than 
1:00 it has been found best either to read in shorter depths 
or else dilute with distilled water in order to bring the color 
within the range of the 1°00 standard. The latter method 
has been adopted on the Boston Water Works. The reason 
for this is that it is often difficult to compare the dark 
waters with the standard owing to a difference of hue. It 
has been found that the amount of light which passes 
through a number of equal layers of an absorbing solution, 
diminishes in geometrical progression as the number of 
layers increase in arithmetical progression. Thus if / 
denotes the intensity of the incident light, /a will be the 
intensity after transmission through unit thickness, where 
ais a proper fraction, and depends upon the nature of the 
substance and the refrangibility of the light employed. For 
a given wave length, a will be different for different sub- 
stances; and for a given substance, a will vary with the 
wave length. The quantity ais termed the coefficient of 
transmission.* 

It is because of the fact that the coefficient of transmis- 
sion for the different rays varies with different solutions 
that we sometimes find a water matches the standard very 
closely in hue in a short depth, but appears of quite a dif- 
ferent hue in a greater depth. This can be represented by 
a diagram as follows. Let the ordinates of the curve a 6 ¢ 


*Thomas Preston, 7he Modern Theory of Light. 
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in diagram, Plate 3 represent the intensities of the incident 
rays of light from the red to the violet, which fall upon a 
water, and the standard with which it is compared. Then 
assuming the following coefficients of transmission for a 
depth of 100 millimeters. 


Red 


Standard. Water. 


The intensities of the different rays after traversing 100 
millimeters would equal their original intensity multiplied 
by their respective coefficients. 

The intensities after traversing a depth of 300 milli- 
meters would equal the original intensity multiplied by the 
third power of their respective coefficients giving the fol- 
lowing : 


Standard. Water. 


Plotting these values, gives the curves in the diagram. 
The upper curve shows the intensity of the different colors 
in the incident light, and the four other curves show the 
intensities after having passed through 100 and 300 milli- 
meters of the standard and water respectively. Comparing 
the intensities after passing 10o millimeters of the water 
with those of the standard for the same depth, it is noticed 
that they do not differ much in hue or luminosity. Com- 
paring the intensities after passing 300 millimeters of 
standard and water, it is noticed that the hue of the water 
has approached the red, while that of the standard has 
approached the blue. 

These hues would therefore be quite different, and could 
not be accurately compared. The relative luminosity has 
also changed, the standard having become somewhat 
brighter than the water. 
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Color readings made by different observers, have been 
found to agree to within ‘oz. Occasionally differences of 
‘05 or more are found. These differences are usually found 
in cases where the water from turbidity or other causes 
differs from the standard in hue. This renders the com- 
parison difficult, and the result depends largely upon the 
judgment of the observer. 

The accuracy at present attained in color readings is 
probably quite sufficient for practical purposes. 

The principal difficulty in the way of greater accuracy in 
color readings is the difference in hue between the prepared 
standard and the water. Maxwell, Young and Helmholtz 
claim that all color perceptions are due to the simultaneous 
excitation of three sets of nerve ends in the eye, and that 
all colors can be produced by a combination of three colors, 
red, green and blue in the proper proportion. 

It is possible that acolorimeter might be constructed on 
this principle by employing standard red, green and blue 
solutions, so arranged that they could be combined in all 
proportions. A solution would also probably have to be 
employed to give the effect of turbidity to the standard. 

With a colorimeter of this kind much more time would be 
required to make the comparison. 

Prof. Ogden N. Rood* has employed these three con- 
stants to define completely a color. 

(1) Purity, or freedom from white light. 

(2) Luminosity, or brightness. 

(3) Hue, or wave length. 

To measure the color produced by the absorption of a 
water it could be arranged so that the measurement of the 
first constant would not be necessary. The light after pas- 
sing through the water, would consist of several compo- 
nents. It would be necessary to separate these by means 
of a prism or grating, and compare the spectrum thus 
obtained, with the spectrum of the original light. The 
measurements of the hues could then be accurately made, 
and the luminosity would remain as a photometric problem. 


*Text-Book of Color. By Ogden N. Rood. 1892. 
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It appears, therefore, that in order to obtain much greate: 
accuracy in color readings than is at present possible, more 
time and expensive apparatus must be employed. It would 
tend to uniformity of results and facilitate comparisons if 
all color readings were made on the uniform depth herein 
described, all water darker than 1°00 being diluted, as set 
forth on page 409. 

One of the purposes of the writers of this article is to urge 
all chemists, analysts and others interested in matters 
of water supply to adopt the methods herein described, 
unless some better method can be found. 


Tue PHOSPHATES or THE WORLD.* 


By FRANCIS WYATT, PH.D. 


[ Continued from p. 347.) 


The cost of producing one ton of rock in dry marketable 
condition, is at the present moment generally allowed by 
the river companies to be about $2.75 per ton, including 
fifty cents royalty to the State, and well-managed land com- 
panies with no royalty to pay, place their cost of production 
at from $2.75 to $3 delivered free alongside vessels in 
Charleston harbor. 

Of the total annual output, about two-thirds of nearly 
all the land-rock, are consumed in the United States, prin- 
cipally in Charleston, Richmond, Baltimore, Philadelphia 
and New York; the river-rock, which constitutes the remain- 
ing third, is exported. 

As a raw material of the first-class in the manufacture 
of soluble and available phosphates, South Carolina rock is 
everywhere held in the highest esteem. In Europe it is 
very popular, and, being of unvarying quality, has yielded 
results that cannot be surpassed by any other phosphate as 
an all-round staple, uniform and reliable article. 


*A Lecture delivered before the Franklin Institute, January 12, 1894. 
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No absolute opinion can be expressed as to the probable 
extent and capacity of the yet untouched or unexploited 
land deposits and it would be manifestly absurd to attach 
undue importance to any estimate that might be formed. 
At the same time, my own investigations prompt me to 
suggest that itmay probably extend over some thirty square 
miles. If the yield of this area were to approximate the 
present average of 750 tons to the acre, the conclusion 
would be that South Carolina may still produce about 
14,000,000 tons of land phosphate. 

As the time rolls on the manufacturing requirements of 
the State will increase in large proportions, and I sincerely 
hope and believe that this source of consumption will 
eventually absorb all that can be produced, and leave 
nothing available for foreign markets. 


PHOSPHATE ROCK (WASHED PRODUCT) MINED BY THE LAND AND RIVER 
MINING COMPANIES OF SOUTH CAROLINA, SINCE THE 
DISCOVERY OF THE DEPOSITS. 


1867, year ending May 31st 


1868, 

1869, 

1870, 

1871, 

1872, 

1873, 

1874, 

1875, 

1876, 

1877, 

1878, 

1879, 

1880, 

1881, 

1882, 332,077 
1883, 378, 380 


1885, (June 1st to December 31st) 277,789 


480,553 

- 448,567 

548,585 

537,149 

400,000 

350,000 
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Passing now to those deposits so recently developed in 
Florida, it is only fair to remark that they were really dis. 
covered and located in various directions throughout the 
State many years ago. They, however, were never believed 
to be of sufficient importance either in quantity or quality 
to merit serious attention, and like many of our natural 
resources, remained long dormant and unthought of. 

The first serious attempt to develop them in 1888 was 
marked by the outbreak of a perfect fever of speculation. 
At that time our total annual output of phosphate was 
about 500,000 tons, nearly all of which was raised in South 


‘Carolina, about 200,000 tons being exported and the balance 


used at home. 

The difficulties between the Coosaw Company and the 
South Carolina State authorities, brought about by the 
action of Governor Tillman, had only just arisen, and as 
the temporary suspension of this company’s gigantic opera- 
tions threatened a considerable decrease in production, 
buyers became anxious to secure their needed supplies, and 
sellers advanced their prices. 

To the initiated, this was an intelligible and natural 
situation, on the one hand there was the probable deficiency 
of 100,000 tons by the Coosaw Company; on the other, 
there were the customers of this company anxious to supply 
their needs and ready to abide by a rise in price rather than 
be left unsatisfied. A fictitious activity was thus imparted 
to the industry, of which few, if any, of those who rushed 
into the Florida fields took the trouble to ascertain the true 
inwardness. Tothese eager speculators the only prominent 
phases were the demand for phosphate and the vast quanti- 
ties ready to be exploited in Florida, at an exceptionally low 
price, and of exceptionally high quality. 

They ignored the all important fact that the present de- 
mand for consumption of the entire world for mineral phos- 
phates does not attain more than 2,000,000 tons, including 
all kinds and qualities, and disregarded the circumstances 
that three-fourths of this quantity are being raised in other 
countries, from mines almost as productive as our own, and 
that South Carolina might eventually be equal to any calls 
we might make upon her. 
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Thus company succeeded company; exaggerated values 
were placed upon Florida lands; the possibilities of con- 
sumption and production were ridiculously overestimated ; 
and in lieu of looking to our own agriculture for an outlet, 
and thus awakening the interest of American farmers, the 
general attention was turned to Europe as a more proper, 
because supposed unlimited, consumer. 

The result of such a “ boom” and of such ignorance has 
been widespread and deplorable. The foreign buyers who 
were at first so skeptical of the existence and value of 
Florida phosphates, became seriously concerned at their 
abundance, and their anxiety for future supplies changed 
to apprehension when they saw themselves menaced witha 
glutted market. They knew and understood the impossi- 
bility of finding an outlet in any of the ordinary channels 
of trade, for such a flood of material as that with which they 
became threatened, and they took advantage of their knowl- 
edge to break down the hitherto firm prices of phosphates. 
So thoroughly did they master the situation, that the hap- 
less Florida miners are now entirely at their mercy, and are 
confronted by quotations which have closed most of the 
world’s phosphate mines, and at which even South Carolina, 
despite her natural advantages, can no longer make both 
ends meet. 

This state of affairs would be sufficiently discouraging, 
even if the “boom” had resulted in a serious increase in 
the consumption of American phosphates. Wemight have 
found in such an increase some consolation from the fact of 
displacing foreign products, either at home or abroad, 
though prices were thereby lowered and mining profits 
reduced. A careful and impartial study of figures however, 
shows that this meagre satisfaction is denied us, for no 
such enormous increase in our total production, consump- 
tion or exports, has in reality taken place. 

In the year 1890, for example, the total sales of Ameri- 
can phosphates from all sources amounted to about 600,000 
tons, and our average prices were $7 per ton for that which 
contained sixy per cent., and $12 per ton for that containing 
seventy-five to eighty per cent. phosphate of lime, both free 
on board out-going vessels. 
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In the year 1892 we increased our sales by eighteen per 
cent., or in other words, we sold about 700,000 tons. This 
surplus of only 100,000 tons, had such an extraordinary 
effect upon the markets of the entire world, that its dis. 
posal entailed a fallin price to $4.50 and $6.50 per ton for 
the respective qualities mentioned. 

This remarkable disturbance, caused by this slight ex- 
cess (a large proportion of which was of exceptionally high 
grade and good quality) graphically illustrates the present 
want of flexibility in the fertilizer markets, and, in my 
opinion, not only argues badly for the immediate future but 
‘should be a significant warning to our producers not to 
further overstep the bounds of prudence. 

Whether the disturbed equilibrium can be restored now 
that we are at war with all other phosphate producers of 
the world, and how and when phosphate mining can again 
become one of our really profitable undertakings, are serious 
problems, but it is certain that, in proportion to the world’s 
demands, there are now too many in the business, and that we 
must look forward to the collapse of a large majority of the 
mining companies, before entertaining hope for any sensi- 
ble relief. The operation of the law of supply and demand 
is always absolute and inflexible, and it must be appreciated 
before the future of Florida as a phosphate producer can be 
established on a commercial basis. Directly its applicabil- 
ity is fully realized, her miners will be satisfied to rank as 
large contributors to the world’s necessities, and will always 
then command sufficiently remunerative prices to repay 
them for the expenditure of capital and labor. 

The geological formation in which the very remarkable 
Florida phosphate deposits are found, I may broadly summar- 
ize as being divided between the Eocene, Miocene and Plio- 
cene ages. It is chiefly composed of: 

(1) Original pockets or cavities in the Vicksburgh lime- 
stone filled with hard and soft phosphate and debris. 

(2) Mounds or beaches rolled up on elevated points, and 
chiefly consisting of huge bowlders and large and small 
fragments of phosphate rock. 

(3) Drift or disintegrated rock commonly called “ pebbles * 
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covering immense areas, chiefly in Polk and Hillsboro coun- 
ties, and underlying portions of Peace River and its tribu- 
taries. 

The work of exploitation by regular mining and hy- 
draulic methods has been prosecuted on a large scale at 
various points, which, if taken in their entirety, would 
probably cover an area of some 275 miles long and nearly 
seven miles wide on the western side of the Peninsula. 

In several of the mines, notably in those of Marion and 
Citrus counties, the beds of phosphate have extended in 
many cases uninterruptedly over several acres and have 
been worked in the form of quarries. These beds have 
shown themselves to be combinations of the “ original 
pocket” and the “mound formation,” and the superincum- 
bent material or over burden is principally sand, of an average 
depth of eight or ten feet and without any admixture of phos- 
phate. The phosphate rock itself is sometimes in the form 
of enormous bowlders lying either singly, or cemented to- 
gether in groups with clay, and sometimes in the form of 
small fragments imbedded in a white plastic or friable mass 
resembling kaolin. This white material is, like the frag- 
mentary rock, undoubtedly the result of a natural disinte- 
gration, caused by the rolling, attrition, or concussion of 
the hard bowlders. The thickness of the phosphatic stratum 
varies within a range of from five to fifty feet, and cannot 
therefore, be computed with any accuracy into an average; 
and the limits of the superficial area occupied by the com- 
bined “ pockety” and “mound” formations are so sharply 
defined, that the readily exploitable deposits of bowlder 
rock phosphate frequently terminate very abruptly and give 
place to an unimportant drift of fragmentary materjal. 
This drift generally crops out at the surface through the 
sand, and may sometimes be followed for such long dis- 
tances without leading to a pocket of bowlders of exploita- 
ble value, that I believe it quite safe to place the actual 
phosphate producing area at a maximum of no more than 3 
per cent. of that commonly attributed to the phosphate 
belt. 

When the exploitable pockets are of any considerable 
VoL. CXXXVIIL. 27 
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depth, they yield large quantities of merchantable phos. 
phate, but I have found that as a rule they are very superfi- 
cial, and, in some of them, the underlying limestone is so 
near to the surface and the phosphate itself so mixed up 
with other and valueless material, that profitable extraction 
is impossible. 

In the districts where no bowlders or other variety of 
hard-rock phosphate have been discovered, and where only 
“pebbles” abound, this capriciousness of the formation is 
much less marked, and, in fact, an unusual degree of regu- 
larity may be said to characterize the occurrence of what is 
commonly known as the “ land pebble” phosphate through- 
out the extensive area in which it has been found. This 
area may be roughly said to take its point of departure in 
Polk County a little south of Bartow, and thence to practi- 
cally continue with a gradually narrowing tendency to 
within a very short range of Charlotte harbor. The “ peb- 
ble’ country is flat, swampy, and extremely unhealthy. It 
is intersected at frequent intervals by the Alafia, Manatee, 
Peace and other rivers, rivulets and streams, and extensive 
exploratory work has demonstrated that it is largely under- 
laid with a nodular phosphate stratum of a thickness vary- 
ing from a few inches to thirty feet, with an overburden of 
sand and clay that may be fairly averaged at about eight 
feet. 

The most important working centre for “ pebble” phos- 
phate is Peace River, which rises in the high lake lands of 
Polk County, and flows rapidly southward into the Gulf of 
Mexico. Its course is extremely irregular, and its bottom is 
aconstant succession of shallows and deep basins. Lakes 
Tsala, Opopka and Chillicohatchee, and Pains and Whidden 
Creeks are its chief tributaries, and I have satisfied myself 
by. careful examination that they are the main sources of 
its phosphate deposits, since the phosphate “ pebbles” are 
without doubt washed out from their banks and borne along 
their beds into the river by the torrential summer rains. ’ 

The phosphate “pebbles” when pumped out of the 
river and freed from impurities and dried, vary in size from 
a grain of rice to about one inch in diameter, and they are 
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intimately mixed up with the bones and teeth of numerous 
extinct species. 

The only difference between them and the “land” peb- 
bles, is that the latter are of a lighter color and are imbedded 
in a matrix of sand and clay, to which they frequently bear 
the proportion of about twenty per cent. by weight. 

Although the origin of these Florida deposits has natur- 
ally been very much discussed, and a great number of more 
or less plausible theories has been advanced, I doubt whether 
any particular one has yet been sufficiently supported by 
evidence to warrant its general acceptance. I have person- 
ally devoted to it a great deal of observation and thought, 
and so far as I have gone I believe the most satisfactory 
explanation is that which ascribes them to a deposition 
resulting from previous solution. Apart from the probable 
existence of bird guano deposits in large quantities on their 
exposed surfaces, the Vicksburgh limestones all contain in 
themselves notable proportions of phosphate of lime, and 
the seas of that age were certainly charged with sufficient 
carbon dioxide to dissolve both carbonate and phosphate of 
lime in large quantities. Having entered into solution the 
phosphate, at a subsequent period, was re-deposited under 
conditions favorable to its separation. What these condi- 
tions most probably were I need not pause to discuss at any 
length, but I think it will be obvious that they might have 
been either a simple interchange of bases between the dis- 
solved phosphate and the limestone bed, or a mere lowering 
of the solvent powers of the water by evaporation and loss 
of carbonic acid gas. In either case the final result would 
be the formation, principally in the neighborhood of the rock 
cavities produced by the leaching process, of large and small 
estuaries, and those estuaries being certainly replete up to a 
certain point, with life and vegetable matter, the continuous 
concentration of the waters ultimately induced complete 
precipitation and amultitude of readily conceivable sub- 
sequent processes of decomposition and metamorphism. 

It may be very rationally surmised, for example, that 
among the chief of these processes and decompositions, 
when the “drying-up” was nearly complete, would be the 
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combination of the liberated phosphoric acid, and the 
ammonia, resulting from the breaking up of the albuminoids 
of the organic matter. The diammonium phosphate thus 
formed would be dissolved by subsequent waters, and, per- 
colating through the overlying mass of the deposit, would 
saturate the calcareous marls as well as the soft and porous 
limestone underneath. A double decomposition would thus 
be induced, with formation of hydrogen calcium phosphate 
and ammonium carbonate: 2 (NH,), H(PO,) + 2 CaCO, 
= Ca, H, P,O, + 2(NH,), COs. 

In whatever manner it was originally formed, whether 
as a residium from leaching, a deposition from solution, or 
a product of decomposition and metamorphism, the phos- 
phatized stratum was eventually cracked and broken up 
and was then hurled into yawning gaps and from one fissure 
to another. At the end of the tertiary period came the suc- 
ceeding seas with their deposits of drifts and shells, sands, 
marls, clays and other transported material, and it is easy 
to assume that those portions of the phosphate crust which 
were not embedded in permanent limestone fissures or 
caverns during the Miocene age, subsequently became very 
thoroughly disseminated and disintegrated. The masses 
were rolled about and intermixed with sand, clay, and marls, 
and were banked up with them in various mounds or buried 
in depressions in conformity with the violence of the waters, 
or with the uneven structure of the surface to which they 
were transported. 

Occasionally this drifting mass found its way into very 
deep hollows, in regions where considerable depressions 
were brought about by the sinking and settling of the sub- 
stratum. At other times it was rolled to and deposited on 
slightly higher points. In the first of these cases we find 
a vast and complete agglomeration, comparable to an 
immense pocket, of broken-up phosphate rock, finely divided 
phosphate débris, sands, clays and marls, all heterogen- 
ously. mixed in together. In the second case we find the 
phosphate in large bowlders, sometimes weighing several 
tons and intermixed with relatively, but, small proportions 
of any foreign substance. 
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THE CHEMICAL COMPOSITION OF FLORIDA PHOSPHATE 


lowing averages of my own analyses for the purpose of gen 
eral illustration : 


Bowlders washed, land River Sof 
crushed, dried. Pebble. Pebble. White. 
Organic and volatile... . 0°97 5°25 7°03 3°06 
Phosphate of lime. .... 82°80 70°50 60°84 72°23 
Carbonate of lime ..... 4°57 5‘or 9 85 10°03 
Carbonate of magnesia. . . 0°46 0°32 0°87 o°74 
Fluoride of lime. ..... 4°34 5 27 4°99 3 86 
Oxides of iron and alumina, 2°20 2°96 3°57 401 
Insoluble siliceous matter . 4'20 9°00 12 03 4°54 
Loss in analysis and unde- 


100°CO 


100°00 


It will be seen from these figures that, quite apart from 
its abundance, we are dealing with a product of the very 
first rank for the purposes of the fertilizer manufacturer. 
The unfortunate fact remains, however, that owing to cer- 
tain established trade customs arising out of the long-con- 
tinued use of South Carolina phosphate, there is no remun- 
erative market in our own country at the present time for 
high-grade material, and this, consequently, has to be ex- 
ported. Similarly established trade customs. arising out of 
similar causes, prohibit foreign buyers from accepting any 
phosphates containing a higher maximum than three per 
cent. of oxides of iron and alumina, and this compels our 
miners to guarantee an absolute limit to these impurities 
in all their shipments. 

The now generally adopted plan for working the bowlder 
deposits in such a way as to free them as far as possible 
from the undesirable iron and alumina, chiefly present as 
adhering particles of clay, was, I believe, first suggested by 
myself in 1890. It consists in crushing all the big boulder 
rock to a sufficiently small size, and passing it, together with 
all the débris that comes from the mine, through washers of 
the type known as the Tennessee log-washer. After being 
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is as variable as its physical aspects, and I present the fol- 
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thus entirely freed from sand and clay, and passed through 
screens of variotis sizes, it is finally dried in open kilns, built 
up on logs of pine. The cost of production in this method 
of mining when economically carried out, as it is, for 
instance, in the washing-plants built by McLanahan & 
Stone, averages about $3.50 per ton and there is no waste 
of phosphate. 

The land pebble phosphates have not yet been exten- 
sively worked, and as they are even more intimately mixed 
up with clays than the hard rock phosphate, there is still 
some doubt as to the most economical way of winning them. 
Some of the large concerns in Polk County employ a float- 
ing dipper-dredge set in a deep trench, which is deepened 
and extended as the deposit is removed. The entire mass 
of phosphate and matrix is brought up to the surface by 
the dredge, and, as in the case of the bowlder rock mines, is 
first dropped into a species of disintegrator or crusher. 
Thence it passes on into a revolving-washer mounted on 
the same structure. From the washer, the matrix and water 
return to the trench, while the clean nodules are carried by 
a spiral conveyor to a steam-heated dryer on a barge along- 
side. From the dryer they fall into a revolving-screen, 
which removes any remaining particles of adhering sand, 
and the now marketable phosphate is caught up by eleva- 
tors and delivered on board railway-cars standing on a 
track parallel with the trench. 

The exploitation of the “river pebble” is performed by 
means of a ten-inch centrifugal steam suction-pump placed 
upon a barge. The pipe of the pump having been adjusted 
by ropes and pulleys, is plunged ahead from the deck of the 
dredge into the water. The mixture of sand and phosphate 
sucked up by it is brought into revolving-screens of various 
degrees of fineness, whence the sand is washed back into 
the river. The cleaned pebbles can be discharged from the 
screen into scows at the rate of about twelve tons per hour, 
and the product is floated down to the drying-house, where 
it is taken up by an elevator and dried by hot air. 

The total cost of raising, washing, drying, screening and 
loading “‘ pebble” phosphates on cars, is stated to be $2 per 
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ton. As in the case of South Carolina, I have compiled the 
following table, showing the quantity of 
PHOSPHATE (ROCK AND PEBBLE) OF ALL GRADES MINED BY THE LAND AND 


RIVER COMPANIES OF FLORIDA SINCE THE DISCOVERY OF 
THE DEPOSITS : 


1888, year ending December 31st, 

1889, as 

1890, 

1891, 

1892, 

I have now finished what is, at the best, only a very brief 
and rough description of our phosphate beds, and I should 
probably best recognize your endurance by at once releas- 
ing you. While I freely recognize, however, that I shall be 
imposing on your good nature if I crave your indulgence 
for afew moments longer, I venture to do so because I 
much wish to touch upon two very important points bear- 
ing on my subject. The first of these relates to the practi- 
cal use of phosphate of lime by the agriculturist, and the 
second to the desirability of universally adopting some cor- 
rect and definite method for its analysis. 

The phosphate miner, as we have seen, does not sell his 
product to the farmer, but to the manufacturers of fertil- 
izers, who first grind it to an extreme fineness, and then mix 
the powder with about its own weight of weak sulphuric 
acid. Two out of the three molecules of lime originally 
combined with the phosphoric acid, being thus transformed 
into gypsum, a more or less soluble article is obtained which 
is the basis of all artificial fertilizers, and which is popu- 
larly known as superphosphate. The reason why this 
acidulated compound is preferred to the raw material is to 
be found in the generally admitted fact that tricalcium 
phosphate is very sparingly and very slowly soluble in the 
water of the soil, and that no element can penetrate into 
the interior of a plant unless it be in solution. 

A great many attempts to use it as a direct fertilizer 
have demonstrated that the availability of raw mineral 
phosphate entirely depends upon the fineness of the powder 
to which it may be reduced, and the nature and composi- 
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tion of the soil in which it is to be employed, and it is a 
matter of the greatest difficulty to attain the requisite de- 
gree of disintegration by any sufficiently cheap mechanical 
means. In this respect we are, in fact, not very much 
further forward now than we were in 1857, when Liebig 
recognized the difficulty and proposed to solve it, by adopt- 
ing a chemical method of decomposition which enabled the 
farmer to obtain practical results from the use of mineral 
phosphates within one year, instead of waiting three or 
four. That the chemical treatment does not in reality do 
anything more than break up the primary molecular forma- 
tion of the tricalcic phosphate, is proved by the fact that 
superphosphate of lime is only soluble in water so long as 
the mono-calcic form retains its ascendency. Directly it 
reaches the soil, especially where carbonates are in abun- 
dance, the unsatisfied phosphoric acid unites with various 
earthly bases and becomes insoluble. To put it plainly 
therefore, the issue so far as the farmer is concerned, re- 
volves upon a matter of time and of money. He might 
buy a ton of raw phosphates, ground as finely as possible, 
and containing, let us say, fifty-five per cent. of tricalcic 
phosphate for $10. If his land were tolerably acid, and 
this, of course, is seldom the case, he would get a rapid 
return, but if it were not, his raw phosphate would only 
decompose very slowly and he would have to wait three 
or four years before obtaining any appreciable results from 
his outlay. On the other hand, if he buys a ton of super- 
phosphate for $20 containing only thirty per cent. of calcic 
phosphate made soluble, and applies it to a phosphate- 
barren soil, he produces the desired effects on his crop 
the same year. This is no hypothetical statement; I have 
seen the thing done over and over again in my own expe- 
rience, and have satisfied myself that the true explanation 
of the different results is the one I have already given. 
The mere decomposition of the tricalcic phosphate into the 
acid salt ensures an absolute state of division which is 
maintained despite the subsequent reversion, and an inti- 
mate and immediate contact with the acid sap of a greater 
number of root hairs being thus facilitated, the ready ab 
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sorption of the dissolved phosphate by the plant, is natu- 
rally assured. 

These views will be endorsed by all the officials of our 
agricultural experiment ‘stations who have made the com- 
parative use of the finely ground raw mineral phosphates 
and of superphosphate, and I believe that their results with 
the former have always varied in accordance with the 
nature of the soil in which the experiments were made ; 
and have fully confirmed the conclusions formulated in 1857 
by De Molon, who after very extensive trials of ground raw 
coprolite in many different departments of France, said 
that: 

(1) Raw phosphate might be used with advantage in 
clayey, schistous, granitic and sandy soils rich in organic 
matter. 

(2) If these soils were deficient in organic matter or had 
long been under cultivation, it might still be used on them 
in combination with animal manure. 

(3) It may not be used with advantage in chalky or lime- 
stone soils. 

I, therefore, take it that the term soluble, as applied to 
phosphate must be accepted in a relative sense, and I con- 
sider and have always urged that the use of both raw and 
manufactured articles is a matter which calls for intelligent 
discrimination on the part of the farmer. He might find 
that in one portion of his lands raw phosphates mixed with 
his compost heaps would soon dissolve and yield very profit- 
able and rapid returns, while in another portion, owing to a 
different constitution of the soil, they would remain inert 
for an indefinite period. 

In England and in Germany, a great deal of stress is laid 
by chemists upon the diffusibility of a water soluble super- 
phosphate, and it is held that when rain falls after an appli- 
cation of such material, it distributes the phosphoric acid 
through the soil more perfectly than by any other method. 
The commercial value of superphosphate is, therefore, fixed 
in those countries upon the percentage of phosphoric acid 
which is soluble in cold water, and little or nothing is al- 
lowed for that portion which it may contain in the 
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“reverted” or water insoluble form. In this country, how- 
ever, it has been conclusively shown by practical work that 
this very diffusibility of soluble: phosphates ensures their 
rapid precipitation and reversion in the soil, and that this 
of itself proves “reverted” phosphate to be the true and 
only food for the plants. We therefore, accord to it the 
same commercial value as we do to water-soluble phosphate, 
and although our staple commercial. grade of superphos- 
phate, like that of England, France, Germany and Belgium, 
is from 10 per cent. to 13 per cent. of soluble phosphoric 
acid, we differ from those countries in that we are willing 
to accept a portion of that solubility in citrate of ammonia 
which dissolves “ reverted” phosphates. 

The persistent refusal by foreign chemists to recognize 
anything but water-soluble superphosphate, naturally causes 
the English and German manufacturers to demand a very 
low percentage of iron and alumina in their raw material. 
I say naturally, because it has been very clearly shown that 
when mineral phosphate is attacked by sulphuric acid, free 
phosphoric acid is formed, and that after a little while this 
commences to react upon any undecomposed material, and 
first of all upon the iron and alumina. 

The insoluble compounds thus produced, cause a great 
loss of phosphoric acid to the manufacturer of water-solu- 
ble goods, and the custom of appraising the raw material 
according to its percentage of iron and alumina as well as 
its contents in phosphate of lime, hence becomes perfectly 
rational. From the commercial standpoint, every part of 
either iron or alumina present in raw phosphate will pre- 
vent the solubility of two parts of caleic phosphate in the 
mixing process, and there being no mineral phosphates 
absolutely free from these impurities, the European manu- 
facturers have established a maximum standard of three 
per cent. as the limit of them to be tolerated without allow- 
ance. When the amount present exceeds this limit, they 
deduct the excess in the proportion of 2 to I as against the 
phosphate of lime. 

Supposing for example, that a shipment turned out upon 
analysis to contain seventy-eight per cent. of phosphate and 
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three per cent. iron and alumina, the buyers would pay for 
each unit of phosphate without any reduction, but if the 
iron and alumina attained say four and one-half per cent., 
they would claim an allowance of three units of phosphate 
of lime and would only pay for seventy-five, instead of 
seventy-eight per cent., of the latter. The urgency for the 
most accurate analysis of all phosphate that is shipped 
abroad, being under these circumstances amply demon- 
strated, itis a fact to be regretted that up to the present 
time such accuracy has not been attained, and that the 
results of foreign buyers’ chemists are anything but con- 
cordant with those of our producers’ chemists on this side. 

To the uninitiated this is an unaccountable fact, and it 
is all too commonly explained by the vulgar conclusion that 
analytical chemistry is neither reliable nor exact, and that it 
cannot in practice, substantiate scientific theory. 

Why, it is asked, should the chemist, in the South—who 
is perfectly conscientious and has no interest to deceive— 
differ materially in his findings from a chemist, equally 
but no more honest and trustworthy, working at the East 
or North. , 

Nothing could cast a greater aspersion on the highest of 
professions than this state of affairs; and yet nothing on 
earth could be more easily and perfectly remedied. All 
that ismecessary is for the chemists to come together and 
agree upon certain methods of sampling, and to invite pur- 
chasers and sellers of phosphates and manures to regulate 
their settlements on the basis of a prescribed analysis. In 
this manner all divergency of results shottld disappear, and, 
all other conditions being equal, any further discrepancies 
would be attributable only to incompetency or bad faith. 
The chemist’s hand, is, of course, not always steady, nor is 
the eye always accurate, and while we are liable to physical 
defeets and weaknesses, we shall: never be free from mis- 
takes; but it is nevertheless a fact which has forced itself 
upon all thinking men, that uniformity in manipulation is 
the prime factor in the attainment of uniform results, and 
nowhere is such uniformity a size gua non as in the labor 
atory, 
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In my own practice I have used a method of determining 
the percentage of total iron and alumina in any given sam. 
ple of mineral phosphate, which has been submitted to the 
most elaborate and painstaking investigation and compari- 
sons by my associate Dr. L. Saarbach. 

Its results seem to accord very closely indeed with those 
of the most prominent English and German chemists, and 
for this reason I take the liberty of presenting it here in 
the hope that its adoption may become general in commer. 
cial laboratories. 

Two grammes of dried ore are very accurately weighed 
out and placed in a porcelain dish with twenty cubic centi- 
meters.of hydrochloric acid. The dish is placed upon a hot 
iron plate, covered with a watch-glass, and the contents are 
allowed to slowly evaporate to dryness, care being taken to 
avoid any spurting and consequent loss. As soon as it is 
quite dry, the residue is moistened with pure nitric acid in 
order to oxidize the iron present, and again evaporated to 
complete dryness.. The dish is now allowed to cool and the 
residue is well stirred up with twenty cubic centimeters of 
pure hydrochloric acid, and allowed to stand for ten minutes 
in a warm place until it is quite disintegrated. The acid is 
then diluted, the whole is filtered, and the dish and the filter 
are very carefully washed until the filtrate measures 250 
cubic centimeters. The residue on the filter must be quite 
white after calcination. Half of the filtrate (125 cubic cen- 
timeters) is now made distinctly alkaline by the addition of 
ammonia and just sufficient acetic acid, pure and concen. 
trated, is stirred into it to produce distinct redness on very 
sensitive litmus paper. After being allowed to stand until 
perfectly cold the mixture is filtered and the beaker and 
residue are very carefully washed. 

The substance on the filter is now dissolved by a little 
hot fifty-per-cent. solution of hydrochloric acid; the filter 
paper is washed until the wash water has a neutral reaction 
and the filtrate is made up to about 125 cubic centimeters. A 
few drops of sodium phosphate solution are now added; the 
liquid is then made alkaline with ammonia in slight excess; 
and after being made sufficiently acid with pure concen- 
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trated acetic acid as in the first operation, is well stirred up, 
and again allowed to stand until absolutely cold. Itisthen 
filtered on an ashless filter, and the filter is well washed 
with boiling water. 

When the washing is complete, the filter is placed in the 
oven and dried, after which it is calcined with its contents; 
placed in the dessicator, and, when cold, the residue is 
weighed as phosphates of iron and alumina in one gramme 
of the material. 

The weight of the combined phosphates having been 
carefully noted, they are dissolved in boiling dilute hydro- 
chloric acid and the solution is filtered into a 100 cubic 
centimeter flask and washed up to the mark. 

No residue should remain on the filter save perhaps a 
speck or two of carbon resulting from the recent incinera- 
tion. In one-half of-the cooled filtrate, the phosphoric 
anhydride is determined by the official molydate method. 
The resulting magnesium pyro-phosphate (Mg, P, O,) is cal- 
culated to phosphoric anhydride (P, O,) in one gramme of 
the combined phosphates by the factor *6396. 

The remaining half of the filtrate is warmed with a 
small piece of zinc in a flask fitted with a bunsen valve. 
When the iron is completely reduced and gives no trace of 
pink coloration with potassium sulphocyanate, the liquid is 
cooled, about one gram of magnesium sulphate is dissolved 
in it, and is then titrated with 4 N. permanganate solution, 
every cubic centimeter of which equals -ooo080 ferric oxide. 

Two out of three constituents of the mixed phosphates 
having been thus accurately determined, the third, which 
is the alumina, is easily arrived at by difference. 

Within the past few years, the rapid development of the 
fertilizer industry has led to the introdroduction of a con- 
centrated material known as “ High-grade-supers,’ which is 
made to contain about forty-five per cent. of phosphoric an- 
hydride (P,O,) in a“ water” and “ citrate” soluble form, and 
which should in my opinion soon entirely supplant the 
weaker “ supers” in general use. The plan upon which it 
is produced is perfectly scientific and rational, since it con- 
sists in dispensing with oil of vitrol and using in its place 
phosphoric acid as the solvent of the raw phosphate. 
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I have mentioned that in the manufacture of superphos. 
phates as now carried out, the desired solubility, either in 
water or in citrate of ammonia, is attained at the cost of 
doubling the bulk of the raw material by the addition of 
sulphuric acid, which practically serves no other purpose 
and has no other-value than that of a dissolvent. If such 
raw material, therefore, contain sixty per cent. of tricalcic 
phosphate, the “super” can only contain thirty per cent., 
and this, from the agricultural consumers standpoint, is 
certainly an anomaly, and, apart from any question of solu- 
bility, must remain so for two reasons : 

(1) A ton of sixty per cent. phosphate of lime, finely 
ground, but insoluble in water or citrate of ammonia, can 
be purchased at some central point for, say $10. 

(2) A ton of superphosphate, containing only thirty per 
cent. phosphate of lime, cannot be purchased at the same 
spot for less than $15. 

In the one case, freight is paid upon only forty per cent. 
of waste material, whereas in the other, it is paid upon 
seventy per cent. of practically valueless matter. 

That a legitimate profit should attach to the manipula- 
tion of an inert, and its transformation into an active body, 
is beyond question, but I cannot see why such enormous 
and unreasonable benefit should be derived from the trade 
in fertilizers by the railroad companies. If it were for no 
other object therefore, than the reduction of such detri- 
mental freight charges to a minimum limit, I think it is 
well worth while to consider briefly the practicability of 
superseding the old method of manufacture. 

The reactions involved in the process of superphosphate 
mixing have served to demonstrate that the cheapest and 
best known method of making liquid phosphoric acid from 
calcic phosphates, is by driving it from its combination 
with lime by means of the stronger oil of vitriol, and by 
utilizing many low-grade phosphates which now, for lack of 
a sufficiently cheap freight, have practically no market 
value. The only essential conditions to the manufacture 


are: 
(A) That the material used shall contain a minimum of 
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carbonate of lime, in order that no unnecessary excess of 
the sulphuric acid be required for its decomposition. 

(8) That it shall contain as small a percentage as possi- 
ble of any combination of iron and alumina, since both of 
these bodies contribute to the formation of a gelatinous 
mass that seriously interferes with the course of the opera- 
tions. 

If the exact chemical composition of the raw phosphate 
is known, the quantity of sulphuric acid necessary to insure 
the desired dissociation of all the phosphoric acid from the 
various bases present is very readily calculated. 

The operations are conducted in large tanks made of 
suitable wood, lined with lead and provided with agitators 
The required quantity of sulphuric acid, say, for example’ 
2,000 pounds of 50° B. strength, is mixed in each tank 
with sufficient water to reduce it toa density of 14°B 
The agitators being in active motion, a sufficient quantity, 
say, 2,000 pounds of finely ground phosphate, is slowly added 
to each tank and stirring is continued for five hours, open 
steam being occasionally blown in by an injector through 
the side of the tank in order to keep the mixture quite hot. 

When the five hours have expired, the cream from each 
tank is run off into filters made from large wooden vessels 
lined with lead and provided with false bottoms, where the 
hydrated sulphate of lime separates from the solution of 
phosphoric acid. The latter passes through the filter as a 
bright straw-colored fluid, of a gravity which, commencing 
at about 12° B., gradually becomes reduced by careful wash- 
ing to 1° B, 

The exercise of ordinary care and precautions prevents 
all cracks from being formed on the surface of the gypsum 
contained in the filters, and the lixiviation of the mass is 
stopped directly the gravity of the filtrate reaches 1° B, 
The hydrated sulphate of lime is now raked together into 
the center of the filters to drain, and is finally carried to the 
dump, while the last runnings from the filters, which are 
too weak for economical concentration, are used to dilute 
the strong sulphuric acid required for subsequent opera 
tions. 
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The filtered phosphoric acid liquor is pumped into an 
elevated tank, and thence it runs by gravitation to a series 
of leaden evaporators of any convenient form of construc- 
tion, heated either by direct fire from the top or from the 
bottom, or by waste steam from boilers. 

During the progress of the evaporation the acid solution 
practically deposits all itssulphate of lime, and it finally 
attains a density of about 45° B. At this strength it 
should contain about forty-five per cent. of phosphoric anhy- 
dride, with onlya mere trace of lime, magnesia, and iron and 
alumina, and is now ready for use in place of sulphuric acid 
‘in the manufacture of soluble and assimilable phosphates. 
Its mixture with the raw phosphate can be effected in the 
usual superphosphate mixers, on the same system of calcu- 
lation and by the same method of manipulation as are now 
used with oil of vitrol, and it very soon sets into a porous 
mass, which, although not very dry, is sufficiently stiff to be 
easily dug out. This mass is cut up into pieces of reasona- 
ble size and dried by hot air, in any form of shed that will 
facilitate effective and rapid work. Directly it is sufficiently 
dry for the market, it is put through a disintegrator and 
filled into bags. 

If you will compare this material with our present staple 
superphosphate, which barely contains the equivalent of 
thirty per cent. of bone phosphate of lime made soluble, 
you will find that, in addition to its lower manufacturing 
cost, it contains the equivalent of ninety-nine per cent., or 
more than three times as much bone phosphate of lime, 
made equally as soluble and available. It could, therefore, 
be distributed at an economy of two-thirds of the freight 
now actually paid for useless material, and you will agree 
with me that this is a consideration of the highest conse- 
quence, since the world must have phosphate, and since our 
raw material, while it is of the best quality known, is con- 
fined to an area somewhat remote from the large mass of 
consumers. 

The present results of phosphate mining enterprises have 
been very disappointing and discouraging, but I think that 
this should only spur us on to exercise all our ingenuity in 
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order to make our products more available for the world’s 
needs. As the farmers become more enlightened they will 
eagerly seize all means of wealth that can be readily and 
cheaply brought to their doors, and will be only too ready 
to apply to their impoverished fields the sustenance that 
phosphate will impart. 

I do not consider that any more important duty rests 
upon our agricultural chemists than that of disseminating 
practical scientific knowledge, and of stimulating the 
application of that knowledge for the benefit of exhausted 
hands. This mission will not merely prove commercially 
profitable from the standpoint of manufacture and trade, 
but will at the same time fully satisfy all the demands of 
philanthropy; for, as Dean Swift has said: ‘“ Whoever can 
make two ears of corn, or two bladesof grass, to grow upon 
one spot of ground where only one grew before, will deserve 
better of mankind, and do more essential service to his 
country, than the whole race of politicians put together.” 


THE LAW or INVENTION.* 


By Horace Pettit, of the Philadelphia Bar. 


LECTURE I. 


MEMBERS OF THE INSTITUTE, LADIES AND GENTLEMEN: 

-The race of inventors is a new race. As a race it may 
be said to date its existence and origin from the beginning 
of the nineteenth century. Each century, as it rolls around, 
becomes known and noted for one thing more than another, 
and goes down to history having attached to it some special 
characteristic. Prior to the beginning of the present cen- 
tury there was no race of inventors; a few scattering pro- 
genitors existed through the earlier centuries, plying a 
desultory kind of a trade, securing for their efforts sufficient 
discouragement and expressions of contempt and ardor- 


* Two lectures delivered before the Franklin Institute, November 10, 1893. 
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dampening receptions to have extinguished the brightest 
genius. The race was only commencing to develop when 
Watt produced his engine. He was a curiosity. Icono- 
clasts, history shows us, were always deemed cranks. For 
declaring that the world moved, Galileo was convicted in 
1633 of heresy. Men who did or declared anything out of 
the usual recognized order of things were considered to be 
in league with the devil. Had not Ferdinand and Isabella 
been in advance of their times, the World’s Fair celebration 
of the four hundredth anniversary of the discovery of 
-America would probably not have been held until a much 
later date. 

Start at the beginning of this century and go back, de- 
cade by decade, century by century, and we will find only a 
scattering few who rose to the dignity of inventor—and 
they decreased as the square of the distance. What was 
invented or discovered by the early forefathers of invention 
was not then followed up nor developed. The inventors 
died and passed away, and with them their discoveries or 
theories—there was no one tofollow them up. As the cen- 
turies rolled on, however, greater development was discern- 
ible in isolated instances. 

The Chinese were far ahead of their day and generation 
in the world of discovery and invention in centuries gone 
by; but the Chinese race is, and always has been, peculiarly 
constituted—the Chinese did not, and do not, develop—they 
copy—they do not progress. Dr. Strong, in his recent work: 
«The New Era” says: “It would seem as though the Chinese 
were all run in the same mould and each generation were a 
weary repetition of the preceding. There is a uniformity 
which is favorable to far-reaching organization, but fatal to 
individuality; and where there is no individuality there 
can be no progress. China has stood for many years with 
her back to the future.” There was no development here. 
But development did come slowly, however, to other coun- 
tries, The knock which Sir Isaac Newton is said to have 


received on the head by the falling apple seemed not only 


to stir him, but also to set others to thinking. Here was a 
natural law which had existed since the creation, and yet it 


Dec 


see 
unt 


the 
it 
abl 
the 
deg 
of ] 
the 
dev 
of 
pro 
ren¢ 
at 
dev 
trav 
dist: 
inve 
com 
tion. 
T 
ing ; 
cant 
mus’ 
ciate 
saril 
ject, 
touc] 
The 
sider 
tion | 


It 
exist 
tive 
perhe 


Dec., 1894.] The Law of Invention. 435 


seems not to have been fully realized and appreciated 
until about 1666. 

Is it not strange that, although all the laws of nature as 
they exist to-day have existed since the beginning of time, 
it was not until this century that they have been measur- 
ably understood, or the powers and forces through which 
they found expression, applied practically in an advanced 
degree tocommerce and the arts? Given the dissemination 
of knowledge through the medium of the printing press, 
the practical application of steam for motor purposes, the 
development of metallurgical processes and the harnessing 
of electricity to instant message transmission and to the 
production of power, and we have a state of affairs which 
renders possible the development of the inventive faculties 
at a rate which increases with astonishing rapidity. Its 
development may be likened to the increasing velocity of 
travel of a falling body. 

To the latter half of this century has been reserved the 
distinction and honor of achieving more in the line of 
invention and discovery than all the ages of past history 
combined. This may be truly said to be the “ Era of Inven- 
tion.” 

To past centuries the word “ invention ” had little mean- 
ing; to our contemporaries it is a word of the most signifi- 
cant importance. To consider the subject practically, we 
must consider it from its legal standpoint. It will be appre- 
ciated that the time allotted to two brief papers must neces- 
sarily involve a somewhat cursory consideration. A sub- 
ject, therefore, which involves so much can only be briefly 
touched upon, and only in some of its principal branches. 
The question, ‘“‘ What is Invention?” will have to be con- 
sidered somewhat at length, and will occupy the larger por- 
tion of this evening’s paper. 


SOVEREIGN RIGHTS. 


It will be unnecessary to consider the common law as it 
existed in England or in this country prior to any legisla- 
tive enactment relative to patents for inventions, except, 
perhaps, in a most cursory manner, as no right of property 
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existed in an invention or discovery atcommonlaw. ‘There 
is no doubt that at common law the prerogative existed in 
the king to grant to his subjects protection, at least for a 
limited period of time, for their inventions. But no righ 
of property in an invention existed atcommonlaw. Previous 
to legislative enactment—without the special exercise of 
the prerogative on the part of the king—the inventor or 
discoverer had no right of property in his invention or 
discovery, and after he had once enlightened the public, or 
any individual, as to its construction or existence, he was 


‘powerless to prevent others from manufacturing, selling or 


using to any extent that they saw fit. The prerogative of 
the king was, of course, only exercised at his will, large 
sums being frequently demanded as the price of its pur- 
chase. 

Prior to 1623, the prerogative of the sovereigns of Eng- 
land in granting monopolies of all kinds had been abused 
to a very large extent for the purposes of raising revenue 
to meet the expenses of the crown. This right, in the 
hands especially of an unscrupulous sovereign, worked 
disastrous results upon trade and commerce; the favored 
few secured monopolies in particular lines of business, to 
the exclusion of all others; shops and factories, which, per- 
haps, had been established after many years of arduous 
toil, and by the outlay of large sums of money, were in a 
day closed down by the seal of the sovereign placed upon a 
piece of parchment, granting to one favored courtier or sub- 
ject the exclusive right to engage in that particular line of 
trade or branch of commerce. From about 1261 to the timeof 
the reign of Edward VI (1551), the commerce of England was 
almost entirely in the hands of foreigners—especially those 
from the Hanse towns, or Easterlings, as they were called, 
to whom Henry III had granted special privileges and 
erected into a corporation in order to induce them to settle 
in London. During this period they were maintained and 
protected by the crown to the exclusion of all others. 
Hume, Chap. xxxv, says: “So ignorant were the English of 
commerce, that this company, usually denominated the 
merchants of the ‘stil-yard,’ engrossed even down to the 
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reign of Edward VI almost the whole trade of the king- 
dom.” Naturally, great abuse of their privileges arose, to 
the great detriment of the English citizens. In A. D. 1551, 
the privileges were very much restricted, and thereafter the 
industries of London and England began to thrive in the 
hands of the citizens, But other abuses began to creep in 
which were equally as injurious to trade generally as when 
it was the monopoly of the foreigners. 

The royal prerogative was given or bartered for mercen- 
ary purposes, and the bulk of the trade of England began to 
be absorbed by the few. (Robinson, on Patents, vol. 1, p. 6.) 

The reign of Elizabeth was notorious. The necessaries 
of life were monopolized, under royal grant, by a few; salt, 
for instance, which had been sold at six pence per bushel, 
was raised to fourteen shillings; oil, starch, vinegar, paper, 
were controlled by the monopolists, who had the arbitrary 
right thrown in with the grant to search stores and private 
property where they suspected any alleged infringing goods 
to be stored. (Hume, c. xliv.) 

We talk about the greed of corporate monopolies and 
trusts of the present day, but their attempts, let me say, 
have been comparatively futile as compared with those of 
our illustrious ancestors of 1600. Even after James I 
tried to alleviate the matter by rescinding the rights of the 
monopolies under grant, a gigantic trust was formed con- 
sisting of prominent merchants of London, who combined 
together to control the foreign trade, raising or lowering the 
prices of imports at will. 

If any of our Sugar or Standard Oil Trusts should have 
attempted to apply for a patent to protect their processes of 
dealing, it is quite clear their claim would have been invali- 
dated by the citation of this anticipating reference. If we 
only reflected we would ofttimes be very much chagrined and 
taken aback by discovering that in many things we are but 
weak imitators of the virtues and vices of our illustrious 
ancestors, 

Before Parliament saw fit to take any action in the mat- 
ter of these abuses of the royal prerogative, private subjects 
carried the question before the court of the King’s Bench, 
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in the shape of an infringement suit, by way of defence. 
It was not contended in the suit referred to that the king 
had not the right to grant exclusive privileges for limited 
periods of time, where the grantee, by his own charge and 
industry, or his own wit or invention, brought any new 
trade into the realm, or any engine tending to the further- 
ance of the trade that never was used before—and that for 
the good of the realm—in such cases it is clear that the 
king could grant a monopoly patent for some reasonable 
time until the subjects learned the same, in consideration 
of the good that he brought by his invention to the Com- 
monwealth ; otherwise not. 

The case referred to is that of Darcy vs. Allin (1602), 
(Noy, Rep., 173), (Coke R., 84 b.). This case, as well as that 
of the subsequent case of the cloth-workers of Ipswick, 
which are referred to in most of the text-books (1615, God- 
bolt, 252; 1 Abb. P. C.) were both cases in the King’s Bench 
where the patents or grants of monopoly were defeated, and 
the validity of the letters-patent was denied. 

The case of Darcy vs. Allin was an action on the case 
upon a grant made by Queen Elizabeth in the thirtieth 
year of her reign, to one Ralph Bowes, for the exclusive 
privilege of making, importing and selling playing cards for 
the period of twelve years, which had subsequently been 
extended to the plaintiff, Darcy, an assignee of Bowes. 
Darcy brought the suit against Allin to restrain him from 
manufacturing playing cards. It was not contended that 
Bowes, the original grantee from the Queen, was the inven- 
tor of playing cards, but that under the grant made to him, 
by virtue of the Queen's prerogative, he had the exclusive 
monopoly of the trade in playing cards for the period 
stated. In other words, it was not contended that Bowes 
conceived anything, or discovered or invented anything, 
which had not been known before. The defendant denied 
the right of the Queen to make such an exclusive grant, 
and contended substantially that the liberties of the sub- 
jects in this regard were preserved and maintained to the 
subjects by Magna Charta. 

The general question, however, of prior knowledge or 
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use was also discussed. It was contended, also, that even 
where letters-patent had been granted by the sovereign for 
alleged inventions they were invalidated when it should be 
shown that the particular article protected had been known 
and used in the kingdom before, as where a monopoly 
patent was granted in ninth Elizabeth to a Mr. Hastings 
for making frisadoes, such as it was averred had never been 
made in England before, but which he had introduced from 
Haarlem and Amsterdam, beyond the seas, a penalty being 
provided in case of any infringement thereof. The defend- 
ant in this case escaped, having shown that baize, very like 
Mr. Hastings’ /risadoes, was made in England before the 
date of Mr. Hastings’ patent. In another case, that of a 
monopoly patent granted for knives with bone hafts and 
plates of lattin, to Mr. Matthey, of Fleetbridge, he being 
alleged to have brought the same from “beyond the seas.” 
Here also, other knives, so like Mr. Matthey’s, were shown 
to have been used in England before, that the defendants 
were not restrained. Humphrey's monopoly patent fora 
sieve, or instrument for melting lead, was judged invalid 
on the ground that it had been used before in Derbyshire 
and at Mendiff in the West Country. 

Darcy vs. Allin was decided in favor of the defendant 
and against the right of the sovereign to grant an exclusive 
monopoly for anything other than an invention or importation, 
as also in the cloth-workers’ case before cited. 


STATUTE OF MONOPOLIES., 


This evil of monopolies becoming more and more appar- 
ent, the matter was substantially cured and corrected, at 
least as far as possible, in 1623, by the Statute of Monopo- 
lies, 21 James I, (c. 3, s. 6), whereby it was enacted that all 
monopolies were contrary to the laws of England,and were, 
and should be, null and void. 

Section 6, however, contained an apparent exception as 
follows, viz.: “ Provided also, and be it declared and en- 
acted: That any declaration before mentioned shall not 
extend to any letters-patent and grants of privilege for the 
term of fourteen years, or under, hereafter to be made of 
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the sole working or making of any manner of new manu- 
factures within this realm, to the true and first inveftor 
and inventors of such manufactures, which others, at the 
time of making such letters-patent and grant, shall not use, 
so as also they be not contrary to the law nor mischievous 
to the State by raising prices of commodities at home or 
hurt of trade, or generally inconvenient; the said fourteen 
years to be accounted from the date of the first letters- 
patent or grant of such privilege, hereafter to be made; but 
that the same shall be of such force as they should be, if 
this act had never been made, and of none other.” 

The effect of this clause of the Statute of Monopolies 
was not to restrict the king’s prerogative, as it existed prior 
to the passage of the act in relation to patents for inven- 
tions, but to define his right to grant patents for the term 
of fourteen years, for the sale, making or working of any 
manufacture not hurtful, and “shall be of such force as 
they should be if this act had never been made, and of none 
other.” 

Mr. Curtis, in his introduction to his work on the “ Law 
of Patents,” says, in his preliminary observations: 

“A patent for a useful invention is not, under our law, 
or the law of England, a grant of a monopoly in the sense 
of the old common law. It is the grant by the government 
to the author of a new and useful invention, of the exclusive 
right, for a term of years, of practising that invention. The 
consideration for which this grant is made by the public 
is the benefit to society resulting from the invention; which 
benefit flows from the inventor to the public in two forms, 
first, by the immediate practice of the invention under the 
patent; and, secondly, by the practice of the invention, or 
the opportunity to practise it, which becomes the property 
of the public on the expiration of the patent.” 

It is unnecessary here, in this brief paper, to further con- 
sider the Statute of Monopolies, the cause for its passage, 
or its effect. The subject is elaborately considered it 
numerous text-books upon patents, and notably so in 
“Robinson on Patents,” Vol. I. Suffice it to say, that Sec. 
6 of this Statute determined by special grant the right of 
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the inventor to protection for his invention for a limited 
period of time at the hands of the sovereign. 


THE LAW OF PATENTS IN THE UNITED STATES. 


Most civilized countries have made provision for the pro- 
tection of inventors in their inventions. This moral right 
of the inventor of exclusive property to his invention for a 
limited period of time, and the benefit which is to be 
derived by the public by such stimulus to invention, has 
been fully recognized. 

In the United States the inventor’s right is now based 
solely upon the Constitution of the United States and Fede- 
ral legislation. I do not mean to say that the individual 
States have no right to grant patent privileges to their citi- 
zens, or to those residing within the State; on the contrary, 
there is high authority for the proposition that the indi- 
vidual States have still this right should they desire to exer- 
cise it. 

The Federal Government has only the powers and privi- 
leges which have been granted it by the individual States 
or by the people, which powers and privileges are derived 
from the Constitution of the United States. 

The Constitution, Article I, Sec. 8, provides that “ The 
Congress shall have power . . . to promote the pro- 
gress of science and useful arts by securing for limited 
times to authors and inventors the exclusive right to 
their respective writings and discoveries.” 

In the case of Martin vs. Hunter’s Lessee (1 Wharton R., 
304), it was held: ‘“ The Government of the United States 
can claim no powers which are not granted to it by the 
Constitution; and the powers actually granted must be 
such as are expressly given, or given by necessary impli- 
cation.” This doctrine does not apply to the independent 
States. Their powers are sovereign powers, but limited 
by the powers which they have conferred upon the Federal 
Government through the Constitvtion. 

Daniel Webster said, with much force: ‘“ Our Constitu- 
tion is one of enumeration, and not of description.” 

This grant of power by the States to the Federal Govern- 
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ment, it is contended by Chancellor Kent, does not, by the 
terms of the grant contained in the Constitution, confer or 
imply an exclusive grant therefor; that is, it does not confer 
such an exclusive grant as to preclude the individual States 
from granting through the proper channel protection to 
inventors, if the State should see fit to do so. 

Bearing upon this question of the concurrent right of 
individual ‘States to grant patents for inventions, Chief 
Justice Kent, in the case of Livingstone and Fulton vs. Van 
Ingen (1812) (9th Johns., 507), held as follows : 

“If the grant is not inconsistent with the power of Con- 
gress to regulate commerce, there is as little pretence to 
hold it repugnant to the power to grant patents. That 
power only secures, for a limited period of time, to authors 
and inventors, the exclusive privilege to their writings and 
discoveries ; and as it is not granted by exclusive words to 
the United States, nor prohibited to the individual States, 
it is a concurrent power which may be exercised by the 
States in a variety of cases, without any infringement of 
the Congressional power. A State cannot take away from 
an individual his patent right and render it common to all 
citizens. This would contravene the Act of Congress, and 
would be therefore unlawful.” 

We should want no better authority than that of Chan- 
cellor Kent. Were the authority less eminent, we should 
accept the doctrine with much caution. 


SECTION 4886. 


It is unnecessary to follow this question of State rights 
further; let us proceed to a more intimate consideration of 
the law and the cases. By the Constitution the power was 
given to Congress; it was incumbent upon Congress to 
act. 

The acts of Congress passed since the date of the 
Federal Constitution relative to patents are numerous. 
These numerous acts we will not pause here to separately 
consider, but must pass immediately to the law as it is con- 
tained in the Revised Statutes of the United States. 
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Section 4886 of the Revised Statutes of the United States 
is as follows: 

“ Any person who has invented or discovered any new 
and useful art, machine, manufacture or composition of 
matter, or any new and useful improvement thereof, not 
known or used by others in this country, and not patented 
or described in any printed publication in this or any foreign 
country, before his invention or discovery thereof, and not 
in public use or on sale more than two years prior to his 
application, unless the same has proved to have been aban- 
doned, may, upon payment of the fees required by law, and 
other due proceedings had, obtain a patent therefor.” 

This brief section embodies substantially the backbone 
of the patent law of the United States as it exists to-day, 
and yet these few lines are required to be interpreted and 
re-interpreted in almost every suit litigated involving the 
patentability of an invention. Volumes of decisions have 
been written upon it, and volumes will continue to be 
written so long as it or any like statute exists. 

It may safely be said that in no branch of litigation does 
each case “ stand upon its own bottom” so thoroughly and 
so completely, and require such independent review as do 
the cases involved in patent litigation. 

This brief section absolutely defines who is entitled to a 
patent, and it defines what things are the subjects of 
patents, which no court in the United States can gainsay. 
But the courts interpret. Many cases are on the border 
line, which renders just interpretation frequently exceed- 
ingly difficult. 

What is that “border line” of invention upon which so 
many litigated patents serenely rest? It is as marked and 
well defined as that imaginary line drawn in the fair sex, on 
the one side of which the girl is a blushing bud, on the 
other a full-blown rose. Where are you going to draw the 
line of demarcation? Ask of the highest Court of 
Appeals, and perchance it will give you no fixed infallible 
rule. Know that line, then you will know what is and 
what is not patentable invention. 
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WHAT IS PATENTABLE INVENTION ? 


I desire at this point to say that even now in deubtfu/ 
litigated patents, the practical commercial results of the 
invention serve as a powerful guide to the courts, as it has 
done in the earlier times, in determining the question of 
patentability. A careful examination of the cases bears out 
this view. 

Where a mere doubt exists at the time of application 
regarding the novelty and patentability of an invention, it 
is generally resolved, as it should be, in favor of the appli- 
cant, and the courts, when subsequently called upon to pass 
upon such patent, will, as they should, be considerably 
guided, where such a doubt as to patentability still exists, 
by the fact that the invention in question has proved com- 


THE TELEPHONE CASES. 


As a usual rule, however, in the class of cases just 
referred to, it will be found that where an invention has 
proved successful commercially, there is some inherent reason 
for it residing in the invention itself. This may be illus- 
trated, for instance, by the celebrated telephone cases, 
where a mass of alleged anticipatory testimony, some of it 
very strong, was produced. It is true that the credibility of 
some of the testimony was very much doubted by the 
court, but Mr. Bell had in his favor throughout the whole 
proceedings the fact that he had described a successful 
operative means of transferring to, or impressing upon, an 
undulatory current of electricity, the vibration of air pro- 
duced by the human voice in articulate speech, in such a 
way that the speech was carried to and received by a list- 
ener at a distance on the line of the current. Never before 
had such an invention been given to the public; it was one 
of the greatest inventions of the age, and naturally it 
would have taken very strong evidence of anticipation to 
have defeated his patent (American Bell Telephone Cases, 
126 U.S., 863). 

The Bell Company rested their entire case upon the fifth 
claim of the Bell patent, which is as follows: “The method 
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of, and apparatus for, transmitting vocal or other sounds 
telegraphically, as herein described, by causing electrical 
undulations similar in form to the vibrations of the air 
accompanying the said vocal or other sounds, substantially 
as set forth.” 

It is interesting to note that when Bell applied for his 
patent he had never actually transmitted telegraphically- 
spoken words so that they could be distinctly heard and 
understood at the receiving end of his line; but as stated 
by Mr. Chief Justice Waite, in delivering the opinion of the 
court, ‘In his specification he did describe accurately, and 
with admirable clearness, his process; that is to say, the 
exact electrical condition that must be created to accom- 
plish his purpose; and he also described, with sufficient 
precision to enable one of ordinary skill in such matters to 
make it,a form of apparatus which, if used in the way 
pointed out, would produce the required effect, receive 
the words, and carry them to and deliver them at the 
appointed place. The particular instrument which he had 
and which he used in his experiments did not, under the 
circumstances in which it was tried, reproduce the words 
spoken, so that they could be clearly understood; but the 
proof is abundant, and of the most convincing character, that 
other instruments, carefully constructed and made exactly 
in accordance with the specification, without any additions 
whatever, have operated and will operate successfully.” 

It will thus be seen that, although Bell did not give to 
the public at the date of his application for a patent, a com- 
mercially operative device, and never up to that time had 
constructed one himself, he did, nevertheless, describe and 
claim such a device in his application as would enable 
others skilled in the art to make a successful operative 
commercial device. Perhaps it may safely be said that at 
the date of Bell’s application he had not been as successful 
in his actual experiments as some of those who had experi- 
mented before him, but they had never completed, either in 
an actual device, or upon paper, the invention to the extent 
to which Bell had perfected it. 

Mr. Chief Justice Waite said, inter alia : “Some witnesses 
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have testified that they were unable to do it (construct an 
apparatus from Bell's patent) ; this shows that they, with the 
particular apparatus which they had, and the skill they 
employed in its use, were not successful; not that others, 
with another apparatus, perhaps more carefully constructed, 
or more skilfully applied, would necessarily fail. As was 
said in Webster Loom Company vs. Higgins (105 U. S., 
580,586), ‘when the question is whether a thing can be done 
or not, it is always easy to find persons ready to show how 
not to do,’ if one succeeds that is enough, no matter how 
many others fail. . . . The law does not require thata 
discoverer or inventor, in order to get a patent for a process, 
must have succeeded in bringing his art to the highest 
degree of perfection. It is enough if he describes his 
method with sufficient clearness and precision to enable 
those skilled in the matter to understand what the process 
is, and if he points out some practicable way to put it into 
operation. This Bell did.” 


EDISON LAMP. 


Another illustration which may be used in this connec. 
tion is the Edison incandescent electric lamp (U. S. Patent 
No. 223,898, Jan. 27, 1880). This has gone most largely into 
commercial use, and there are now few small towns in the 
United States, as well as in Europe, which have not installed 
some of these incandescent electric lamps. 

Mr. Edison had his patent sustained in two or three of 
the Circuit Courts of the United States (Edison Electric 
Light Company vs. U. S. Electric Lighting Company, 47 
Fed. Rep., 454, Dist. N. Y., affirmed, 52 Fed. Rep., 300; Id. 
vs. Beacon Vacuum Pump and Electrical Company, 54 Fed. 
Rep., 678, Dist. Mass.) In one or two of the later cases a 
new defence, in the shape of an alleged anticipation of the 
Edison patent has been presented, and very elaborately, in 
the case of the Edison Electric Light Company vs. The Col- 
umbia Incandescent Lamp Company (65 Off. Gaz., 133, East 
Dist. of Missouri) on motion for preliminary injunction. In 
this case the court refused the preliminary injunction. 
Without having had the pleasure of examining the evidence 
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presented upon the motion for preliminary injunction, I 
understand, from the data given in the report, and from 
other unofficial data, that the defence alleged is, substan- 
tially, that one Henry Goebel, a German by birth, came to 
this country prior to 1854, having acquired some knowledge 
of electricity abroad. He opened a small shop in the lower 
part of New York City and plied a desultory kind of a trade 
in repairing watches, telescopes and optical instruments; 
that before coming to this country he had become in some 
manner associated with a gentleman familiar with electri- 
city, who suggested to him the idea of producing light by 
means of electricity through the medium of a film to be 
rendered incandescent in a vacuum bulb; and that after 
opening his shop in New York he spent some of his leisure 
time in carrying out this idea, and did make, as early as 
1854, out of fine strips of bamboo, films which he encased in 
a glass globerendered air-tight, and by connecting a current 
from a battery, or other source, produced what was substan- 
tially an incandescent light, his lamp being different in form, 
but in all essential features the same as those now in gen- 
eral use. 

Goebel exhibited this in his shop window as a matter of 
curiosity, and also on the streets of New York, at the base 
of a large telescope, which he took around in the evenings 
to allow passers-by, at a small price, to view the stars; the 
incandescent lamp here also operated as a curiosity, or 
means of attracting attention to his telescope. It appears 
that Goebel has recently made several lamps of the form 
and with the material and tools formerly used by him. 
“These lamps,” said Judge Hallett, in the Missouri case, 
“were tested by men of skill and experience in such mat- 
ters, and they were found to be reasonably effective. They 
are not so good as the lamps in common use; but they can 
be operated and they give reasonable service in time and 
capacity of light.” 

The Judge did not appear to think Goebel’s testimony 
to be at allimprobable, and that it was supported at many 
points by witnesses of good repute, who spoke with pre- 
cision and apparently with deliberation. 
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This case is peculiar. The invention might have been 
for practical purposes completed by Goebel in 1854—we 
may say perfected—and yet not have gone into general use 
or have been taken up by the public because it required 
something outside of itself to bring it into general use— 
a commercially practicable current generator, which was 
not perfected until a much later date. If defendant’s con- 
tention is correct, Goebel’s lamp of 1854, applied to the 
present dynamo, would have successfully operated, and con- 
taining, as contended, all the essential features of the claim 
of the Edison, 1880, patent, would defeat the claim. 

If in this case defendant’s contention is correct that the 
Goebel lamp did contain all the essential elements of the 
Edison lamp, there being no substantial difference between 
the two, the fact of Edison’s commercial success, and of 
supplying the public want, would not enter into the consid- 
eration of the case, as this was due, not to perfection or 
change in invention, but to an extraneous fact, namely, the 
coming into existence of the commercial dynamo. On the 
other hand, it might be urged, why did Goebel not bring 
forth his invention immediately upon the introduction of 
the commercial dynamo, and not wait until thirteen years 
after Edison secured his patent before the Goebel claims 
should be pressed. Numerous explanations might be made 
to this contention. If the testimony to be produced upon 
final hearing substantiates that which appears to have been 
produced by affidavits upon the motion for preliminary in- 
junction, it would certainly look as though Mr. Edison would 
be deprived of the credit of being the inventor of the in- 
candescent lamp. All engaged in patent practice, however, 
know that it is easier to defeat a motion for preliminary 
injunction and cast the time-worn “ reasonable doubt ” upon 
validity, than to ultimately sustain it upon final hearing. 

Section 4886 says “any person” is entitled to a patent 
who has invented or discovered, etc. This leaves no doubt 
that any one who answers the other requirements is entitled 
to a patent, be the inventor native or foreign born, black or 
white, adult or minor, male or female. It was formerly not 
so in the United States. Aliens were discriminated against ; 
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but through sundry acts of Congress the alien was placed 
upon a par with the native born. Should an inventor die 
before obtaining protection by letters-patent, his invention 
may be patented by his executors or administrators, with 
full protection of his rights. 

The wording of this section of the act is very plain, but 
the adaptation of it to the particular cases as they arise is 
most difficult. The section of the act says: ‘“ Any person 
who has invented. or discovered, any new and useful art, 
machine, manufacture or composition of matter,” etc., is 
entitled to a patent. The section of the act does not say 
what invention is; that question is left to the Patent Office 
in the frs¢ instance, and to the courts w/timately. As there 
appears to be no fixed rule by which invention is to be 
determined, it isone of the most difficult questions which a 
patent attorney has to solve, to successfully decide, espe- 
cially in dorder line cases, what is, and what is not, inven- 
tion; the court has the last guess. 

Mr. Walker, in his work on patents, section 24, says: “It 
is seen to remain true that the ideal line which separates 
things invented from things otherwise produced has never 
been completely defined or described. There is no affirma- 
tive rule by which to determine the presence or absence of 
invention in every case” (citing Dunbar vs. Field Tack Co., 
4 Ban. and Ard., 519). 

Robinson on Patents, Vol. I, section 59, says it is per- 
haps incapable of exact definition, and the line between it 
and what the patent law regards as a mere imitation is 
very difficult to draw. 

Mr. Edward S. Renwick, who may be said to have had 
the largest experience of any man (living or dead) as an 
expert in patent cases, in his recent work, entitled, “ Patent- 
able Inventions,” says, p. I, section 2: “ As to what consti- 
tutes invention the following dictum was pronounced, in 
1880, by the United States Supreme Court (Pearce vs. Mul- 
ford, 102, U. S., 112, 26, L. ed. 93): ‘but all improvement is 
not invention and entitled to protection as such. Thus to 
entitle it, it must be the product of some exercise of the 
inventive faculties.’” “ What these faculties are,” says Mr. 
VoL. CXXXVIII. 29 
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Renwick, “or how they are to be distinguished from the 
constructive faculty of the mind, is a matter that is left by 
the court in profound obscurity. No two persons can agree 
as to the line of demarcation between the two faculties, 
because from the variations in the characters of the minds 
of men, their differences in training and in experience, a 
change which to one mind appears to have involved the 
exercise of the so-called inventive faculty, is thought by 
another (after the event) to have been the result of merely 
the constructive faculty or of mechanical skill. Hence, to 
test the existence of invention by the assumption of the 
exercise of mental faculties by which it has been produced, 
and which are indefinable, amounts simply to an attempted 
determination of a truth by mere judicial opinion, without 
reliance upon evidence and without recourse to rules by 
which a just conclusion can be reached.” 

This, certainly, of itself, would leave the subject in the 
state of chaos. Mr. Renwick very naturally deplores this 
condition of affairs, viewed, as he views them, and fears 
that the creation of the present nine appellate courts will 
tend to multiply the constructions of the law as to what 
constitutes invention, rendering it more diverse than even 
heretofore, unless these courts shall decide upon some rule 
by which invention can be determined. By reason of Mr. 
Renwick’s large experience as a patent expert and solicitor 
of patents (although, I believe, he has never been admitted 
to the bar), his opinion is entitled to much respect, and it 
would be with great caution that any one would attempt to 
criticise the views of one of his years, ability and experi- 
ence. He deplores the condition of affairs in any case 
wherein the question of invention is decided by the mere 
opinion of the court. “ Formed in every case after the event, 
the matter is at once removed from the domain of evidence 
and is cast upon the sea of uncertainty, where it is subjected 
to the varying qualities and shifting views of the minds of 
judges, who, however, while trained in the science of the 
law, have, as a general rule, no personal experience in the 
operation of an inventor’s mind.” He favors the methods 
of the courts in the earlier decisions, as having been guided 
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by certain definite rules in determining this important ques- 
tion, while many of the later decisions of the highest court 
have determined the question wpon mere opinion after the 
event. Mr. Renwick cites, Earl vs. Sawyer (4 Mason, 1), as 
containing a rule by which invention may be determined, 
vizZ.: 

Earl vs. Sawyer.—A change was decided to be new under 
the patent law when it had not been known or used before. 
It was decided to be useful if it would accomplish the pur- 
pose for which it was designed, and was not noxious or 
hurtful. 

Mr. Renwick says, p. 4: “These two requirements of 
novelty and utility are clearly susceptible of proof by evi- 
dence; and it is deducible from the earlier decisions, 
and those which have followed in the same line, that a 
change which involves those requirements is an invention 
within the meaning of the patent law within certain well- 
defined exceptions.” The exceptions which he notes in 
Section 6 are where the changes are simple and not suffi- 
cient to involve invention, such as a mere change in size or 
degree, in proportions, of material, of location or arrange- 
ment, the mere application of an old thing to a new pur- 
pose, the mere application of an old thing to perform its 
usual functions with its usual mode of operation or move- 
ment, mere substitution of an old device for another, a 
mere duplication of old devices, a mere change of the direc- 
tion of movement of a moving device, the discovery of a 
new property of matter. This is not saying that changes 
do not involve invention, but that mere changes, or such as 
are so simple as to be within the knowledge of the ordinary 
skilled mechanic are not invention. 

It is hard to say that the rule which Mr. Renwick seems 
to adopt, or at least suggests as the method of determin- 
ing what is and what is not patentable invention, is itself 
an easy Tule of guidance, viz.: 

Under Earl vs. Sawyer, supra, invention equals a change 
not known or used before (it being understood that the 
change is not a mere change of size, proportion, etc., such. 
as noted in the exceptions referred to); and, secondly, the 
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change must be useful, and is useful if it accomplishes the 
purpose for which it was designed, and not noxious or hurt- 
ful. These two requirements of novelty and utility are 
stated to be susceptible of proof by evidence. 

This rule may be as positive, with the exceptions 
noted, as it is possible to formulate, but it is certainly 
not infallible. The exceptions themselves form such a 
very broad class that one or more of them are apt to 
enter into the consideration of almost every case where 
there is any doubt; and again, the exceptions to the excep- 
-tions, which are noted on pp. 5 to 40, in the cases therein 
cited, render the rule still more difficult of application, so 
that we are unwillingly obliged to agree that Mr. Walker is 
not far from right when he states, in his work on patents, 
section 24, before quoted, that the ideal line which separates 
things invented from things otherwise produced has never 
been completely defined or described. There is no affirma- 
tive rule by which to determine the presence or absence 
of invention in either case; and with Robinson and others, 
that what is invention is perhaps incapable of exact defini- 
tion. 

It is true the thing must be mew and must be useful to 
constitute a patentable invention; the mere fact that it is 
useful does not make it mew, but everything that is new, 
and is sufficiently worth fighting for, to get into the courts, 
is generally useful, and consequently this question of utility 
does not usually seriously hamper the judges in their 
decisions. 

The main question is: ‘ What is patentable newness?” 
In Earl vs. Sawyer (4th Mason, 1) (1825), it was held to 
involve invention to substitute a circular saw in the place 
of an upright saw in ashingle machine, the other parts 
remaining substantially unchanged. 

This case was about as short a distance over the dorder 
line of invention as any case ever passed upon by the 
Supreme Court of the United States where the validity of 
the patent was sustained. The patent was issued December 
28, 1822, to one Earl for a shingle sawing machine, and the 
only difference existing between it and the invention of a 
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prior patent of the same inventor consisted in the substitu- 
tion of a circular saw for a perpendicular reciprocating saw 
in the’shingle machine. The two machines were the same, 
with this exception. It was proven that circular saws were 
in use before in other constructions. 

This is one of those cases where the court was influenced 
somewhat by practical results. It was shown that while 
the old machine sold for $60 or $70 the new machine sold 
for $150 or $200. 

Judge Story held: “If it is new; if it is useful; if it has 
not been known or used before, it constitutes an invention 
within the very terms of the act, and, in my judgment, 
within the very sense and intendment of the Legislature.” 

Hotchkiss vs. Greenwood. In the case of Hotchkiss vs. 
Greenwood (11 How., 249), the improvement consisted in 
making knobs of clay, or porcelain, and in fitting them for 
their application to doors, locks and furniture, having the 
cavity in the knob in which the shank is inserted, and by 
which it is fastened, largest at the bottom and in the form 
of dovetail, or wedge reversed, and secured in the knob by 
pouring the metal in a fused state. The claim was as 
follows: 

“The manufacturing of knobs, as stated in the foregoing 
specifications, of potters’ clay, or any kind of clay used in 
pottery, and shaped and finished by moulding, turning, burn- 
ing and glazing and also of porcelain.” 

The Supreme Court decided the patent to be invalid; that 
the mere substitution of porcelain in making knobs for 
metal, wood, or other material did not involve invention; 
that the difference was merely formal and destitute of 
ingenuity. It might have afforded evidence of judgment 
and skill in the selection and adaptation of the materials in 
the manufacture of the instrument for the purpose intended, 
but nothing more. 

Mr. Justice Nelson, in delivering the opinion, stated: “I 
remember having tried an action in the Circuit in the Dis- 
trict of Connecticut some years since, brought upon a patent 
for an improvement in manufacturing buttons. The 
foundation of the button was wood, and the improvement 
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consisted in covering the face with tin, and which was bent 
over the rim so as to be firmly secured to the wood. Holes 
were perforated in the center by which the button could be 
fastened to the garment. It was a cheap and useful article 
for common wear, and in a good deal of demand. On the 
trial, the defendant produced a button, which had been 
taken off a coat on which it had been worn before the Revo. 
lution, made precisely in the same way, except that the 
foundation was bone. The case was given up on the part 
of the plaintiff. Now, the new article was better and 
cheaper than the old; but I did not then suppose, nor do I 
now, that this could make any difference unless it was the 
result of some new contrivance or arrangement in the 
manufacture. Certainly it could not, for the reason that the 
materials with which it was made were of a superior 
quality, or better adapted to the uses to which the article 
was applied.” 

The case of Hotchkiss vs. Greenwood was not decided 
without dissent. Mr. Justice Woodbury filed quite an elab- 
orate dissenting opinion, in which he stated, zvter alia: ““ Now 
on the point as to the invention being patentable, the direc- 
tion virtually was to consider it not so, if an ordinary 
mechanic could have made or devised it; whereas, in my 
view, the true test of its being patentable was, if the inven- 
tion was new, and better and cheaper than what preceded. 
This test, adopted by the Circuit Court, is one sometimes 
used to decide whether the invention for which a patent has 
been obtained is new enough or distinguished enough from 
the former invention to prevent it from being an infringe- 
ment, and to justify a new patent for it, and not, as here, 
whether it is valuable or material enough fer se to be pro- 
tected by any patent . . . but it is impossible for an 
invention to be merely colorable, if, as claimed here, it was 
better and cheaper; and hence this last criterion should, as 
requested by the plaintiffs, have been suggested as a guide to 
the jury. . . . There is a new manufacture, as here, of 
clay into knobs or knobs with a dovetail hollow combined 
with a shank. The books are full of such slight changes in 
structure, composition or mode of application, which were 
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novel and better in their results and therefore upheld, and 
were not and could not be regarded as the mere application 
of an old machine to new purposes, besides the new material 
and the new mode of fastening when the results, as here, are 
considerably improved, they suffice to make the invention 
patentable. These are then all required by the strictest 
law, viz.: “diversity of method” and “diversity of effect” 
(citing Webster on Subj. Matter, Phillips on Patents, 122.) 

This clearly illustrates the diversity of opinion, even 
among the judges of the Supreme Court of the United 
States, as to what does constitute invention. Applying one of the 
rules cited, it would come under one of the exceptions noted, 
and consequently would not involve invention, being a mere 
substitution of material. But right here the difficulty 
occurs in applying the rule, or exceptions, as to whether 
the case came within the exceptions and involved a mere 
substitution of material and nothing more. The majority 
of the court thought that it did, the minority thought it did 
not, but involved something more. 

A different ruling was made in the suit upon the patent 
issued in September, 1848, and reissued 1861, to John Young, 
for a washing and wringing machine, having its rolls cov- 
ered with India rubber. Rolls in like machines had been 
previously covered with cloth and felt, and Young’s machine 
was the first in which the rolls were covered with rubber. 
This, it was held, was patentable; that it was not a mere 
substitution of material, as the rubber was impermeable to 
water and more elastic. All that Young did in this case 
was to take off the cloth or felt covering from the rolls and 
fasten onarubbercover, The qualities of the rubber, which 
were particularly advantageous in this particular use, were 
not discovered by Young, but were known before; viz.: that it 
was elastic and impermeable to water; therefore, he cannot 
be said to have discovered anything. He undoubtedly 
made a better machine, but it might also be said, and was 
admitted, that the Hotchkiss knob made a better knob. 
The difference between these two cases may be said to 
reside in the fact that in the Hotchkiss patent the knob of 
earthenware had no function to perform which the old 
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wooden knob did not perform, while the rubber in the 
Young machine had a function to perform which differed 
from the old rollers, though only in degree. 

It is clear when the cases resolve themselves into such 
fine points that the court has a decided advantage over the 
patent attorney in that its finding is final and conclusive, 
while the patent lawyer’s finding is merely interlocutory. 
One excellent test to apply to the question of invention, 
where a serious doubt exists, is, “does the alleged new 
thing fulfil useful requirements not previously met or per- 
formed, or does it perform any new and useful function in 
the combination in which it is employed?” Arguing back 
from this point, if the answer is in the affirmative, careful 
examination will prove that the difference or change in the 
new thing, although slight, is material and patentable. In 
the case of Foote vs. Silsby (1 Blatchf., 445), subsequently 
affirmed in the Supreme Court of the United States, 20 
How., 378, the device involved consisted in a stove with its 
draft valve connected by two levers with two expansion 
rods of sheet brass; these expansion rods being brass, con- 
tracted and expanded to a greater degree than the iron of 
the stove; by this means the draft valve was closed and 
opened. Numerous devices operating in a substantially 
similar manner by the expansion and contraction of the dif- 
ferent metals being differently affected by the same degree 
of heat were shown to have existed long prior to the date of 
the Foote patent, which was May 26, 1832. 

Judge Nelson, in deciding the case in the court below, 
said, inter alia: “‘ The substance of the discovery as claimed 
by the plaintiff, and secured to him by the patent, is the 
application of the principle of the contraction and expansion 
of a metallic rod, by the use of certain mechanical contriv- 
ances, particularly described and set forth, to the cast or 
sheet iron stove in common use, by which means he pro- 
duces a self-regulating power over the heat of the same at 
any given degree of heat that may be desired within the 
capacity of the stove. This is the thing invented. It is, in 
a word, the application of a well-known principle to a new 
and useful purpose ; and the question is, whether or not the 
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patentee was the first and original inventor, or whether it 
was before known and in public use. Now, although it is 
shown (assuming for the present that we may look into the 
books not in evidence) that the principle had before been 
applied to the regulation of heat, as in the instance of Dr. 
Ure’s ‘ Thermostat,’ and Bonnemain’s ‘ Heat Regulator,’ and 
some others, yet, from aught that appears from testimony, 
or from any book that has been produced, the plaintiff was 
the first person who applied the principle to the regulation of 
heat to stoves; and for this he was entitled to a patent and 
to be protected in its enjoyment (citing Phillip’s Patents, 
Chapter 7, Sec. 6,p. 101). It is not a new use of the principle 
as previously applied to the regulation of heat, which would 
not be patentable; but a new application of it by new 
mechanical contrivances and apparatus by means of which 
a new and beneficial result is produced in the use of the 
article to which it has thus been applied, viz.: the common 
cast or sheet iron stove.” 

Mr. Justice Nelson subsequently, in another phase of the 
same case, 2 Blatchf., 270, held: “ Where a party has dis- 
covered a new application of some property in nature, never 
before known or in use, by which he has produced a new 
and useful result, the discovery is the subject of a patent, 
independently of any peculiar or new arrangement of 
machinery for the purpose of applying the new property in 
nature; and hence, the inventor has a right to use any 
means, old or new, in the application of the new property 
to produce the new and useful result, to the exclusion of all 
other means.” 


The cases selected and presented in considering the ques- 
tion of What is Invention? are those principally in which the 
spark of invention, if existing at all, was almost invisible. 
When consulted upon the question of the patentability of 
an alleged invention wherein the existence, or the possi- 
bility of the existence, of the exercise of the inventive 
faculties is not above suspicion, the attorney’s mind fre. 
quently turns involuntarily to a tin box tightly closed, 
containing caustic alkali, and to the process of putting 
it up. 
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I refer to certain two reissue patents granted to George 
Thompson, one for caustic alkali enclosed in a tight metallic 
integument or metallic casing, and the other for the process 
of putting it up. The original patent upon which these 
reissues were granted was issued October 21, 1856. 

Suit was brought against infringers at least twice, and at 
least twice were these patents sustained, and the infringers 
enjoined. The patents were represented by Mr. George 
Harding, one of the ablest patent attorneys of this country, 
and whose name is associated with more important patent 
suits than that of any lawyer of the century; one whom 
Philadelphia is justly proud to claim her own. 

The validity of the patents was attacked in the case of 
the Pennsylvania Salt Manufacturing Company vs. Thomas 
(8 Phila. R., 144), as wellas in Same vs. Guggenheim. In 
the original patent the invention was stated to consist in a 
new and useful mode of wrapping cakes of potash or caustic 
soda in air-tight wrappings, so as to preserve it from the 
action of the atmosphere, being designed to enable the 
manufacturer of these caustic alkalies to put them up in 
original packages of uniform sizes and weight, of such con- 
venient size that when a package is open the whole may be 
used at once. In one of the modes described the caustic 
alkali is poured in a molten state into sheet tin boxes 
cemented at their edges, and while the molten alkali is hot 
the lid is closely fastened down, so as to exclude the atmos- 
phere. 

The late Judge McKennan, in deciding the case in the 
United States Circuit Court of this district, said, tater alia: 

“ A graver question is that which brings in question the 
patentability of the alleged invention. A patentable sub- 
ject must be not only new and useful, but it must involve 
some exercise of the inventive faculty, and it must not be 
merely the application of an old thing to a new use, It is 
undoubtedly true that small metal cans and infusible 
cement were in use before ‘Thompson's invention, and that 
caustic alkalies were preserved from deliquescence by 
inclosure in air-tight packages of glass, iron and wood; 
but still the fact remained that caustic soda was unavyail- 
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able for general use, and especially for the domestic manu- 
facture of soap. By Thompson’s method it was invested 
with commercial properties and practical adaptabilities 
which did not pertain to it before. . . . The patent- 
ability of an alleged invention is, in many cases, most satis- 
factorily shown by its w#i/ity. In Webster, on ‘Subject 
Matter,’ 30, it is said: ‘ The utility, then, of the change, as 
ascertained by the consequences, is the real practical test of 
the sufficiency of an invention; and since one cannot exist 
without the other the existence of one may be presumed in 
proof of the existence of the other. . . . Judged by 
the standard of utility, then, a sufficiency of invention to 
support this patent is to be presumed.” 

It will be clearly seen from this brief consideration of 
the question, What is patentable invention? that it is by no 
means easy of definition, and the difficulty of establishing 
a positive rule applicable to all cases will be fully appre- 
ciated, 
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We will next consider the subject of drawing. That 
this is an absolute necessity to the engineer I think no one 
will deny. 

Drawing, to a great extent, is his language. It is the 
method by which he expresses a large class of his ideas, 
Go into any extensive shop or manufactory where they 
make a business of manufacturing machinery or of building 
structures, and you will find that all operations are con- 
trolled through the draughting room. Drawings must be 
made of every piece that is to be manufactured, and of ¥ 
every machine or structure that is to be erected, and either ; 
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the drawings themselves, or tracings made from them, or 
blue prints taken from the tracings, are sent into the shop, 
and these form the instructions of the workman how to 
make the pieces, In many establishments, it is the chief 
draughtsman who has charge of designing the machines 
and structures, so that when this is the case the chief 
draughtsman becomes practically the engineer of the estab- 
lishment. 

Moreover, neatness and accuracy must prevail in the 
drawings, so that they can be easily understood, for a mis- 
take made by the draughtsman on a drawing, or a misunder- 
standing of the drawing by the workman, if not discovered 
in time, may result in a large pecuniary loss to the manu- 
facturer. 

Freehand drawing and lettering are both very important 
matters, 7. e., freehand drawing is needed to such an extent 
as will enable the young man to sketch easily and readily 
any part of a machine or structure, and to do this work 
with sufficient speed and clearness to be able to complete 
it while he has access to the machine, so that he can sub- 
sequently makea complete set of working drawings from 
his sketches, a thing which is often necessary when a 
draughtsman is sent outside for information. Neat letter- 
ing and dimensioning add very materially to the clearness 
of a drawing, and hence render it less likely to be misun- 
derstood; and this is especially necessary since the work- 
man should always be instructed to make use of the figured 
dimensions, and should never be allowed to scale a drawing. 

Graphical methods are sometimes employed for the 
making of calculations necessary in the designs of 
machines or structures, and when these are used, of 
course, great accuracy is an absolute necessity in making 
the drawing. Seeing now that drawing plays so large a 
part in any engineering work, let us consider how it should 
be taught, and how the course should be laid out. . 

We may say that there are two objects to be accom- 
plished, the first being the execution, and the second the 
power to express ideas by means of drawing, and to read 
the ideas of others, which havé been expressed by the same 
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means; in other words, to be able to produce, from the piece 
itself, the necessary working drawings, and vce versa, when, 
having the working drawings, to be able to understand how 
the machine is made in all its details. 

A certain amount of time will have to be employed at 
the outset to teach the use of instruments and to enable the 
student to perform the actual work of drawing, observing, 
of course, accuracy and neatness. But as soon as this 
necessary preliminary training in execution is accomplished, 
so that the pupil begins to do his work with a fair degree of 
accuracy and neatness, then the attempt should be made at 
once to have him acquire the language, so that he can 
readily translate ideas into drawing, and vice versa. Now, 
the mathematical basis of drawing is descriptive geometry, 
hence the student should be set at once to study descriptive 
geometry, being made to work out and demonstrate the 
propositions on the blackboard, as in any other mathemati- 
cal class-room exercise ; and he should be made to take a 
broad view of the subject so that he will understand the 
drawing, whatever be the angle, whether first, second, third 
or fourth, in which it is made, orif it is partly in one and 
partly in another. I do not believe in the method that con- 
fines him to the first angle for a long time, until he gets so 
used to that particular angle that the moment a figure is 
placed in any other it looks difficult to him. Indeed, in 
practice all angles are used, but if one is employed more 
than others it is the third and not the first. But the student 
has only obtained a firm grasp on the subject when he is 
equally at home and familiar with the figure in whatever 
angle it is placed. 

Then, parallel with the class-room work, where he is 
taught the theory, or, in other words, descriptive geometry, 
he should be obliged to make correct and accurate draw- 
ings, giving the constructions for a certain number of the 
problems of descriptive geometry. The only difficuity in 
the matter will be found at the very beginning in making 
the student exercise his imagination sufficiently to grasp 
the central idea of projections in any of the angles. In this 
he must be thoroughly drilled; the rest is then easy. I 
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might add that here also the teacher should have in view in 
laying out the propositions to be studied by the class, the 
needs of an engineering course; and while they should be 
comprehensive, and cover all the main principles, they 
should be chosen from the point of view of engineering and 
not from a desire to keep as nearly as may be to the course 
which was originally given by Monge, the father of descrip- 
tive geometry. 

Now, when our student is familiar with descriptive 
geometry, and has made reasonable progress in execution, 
and understands how to express ideas on paper, at least as 
far as descriptive geometry goes, the next step to take is to 
cause him to make working drawings from measurements 
made by himself of pieces of machinery, or of structures; 
thus teaching him how to determine what views of a piece 
it is necessary to make, how to arrange the drawings on 
paper and how to dimension them. 

However, at the outset, we are confronted with the fact 
that every different works has its own system of making 
drawings, differing from one another in some minor details, 
usually in the manner of putting on dimensions and some- 
times in the manner of putting on shade lines, or some 
other minor things; z. ¢., things about which it is of minor 
importance which system is followed, but where it is of the 
very greatest importance that some one consistent system 
should be employed. 

Now, some one good system ought to be chosen, and the 
student should be made to adhere to it. Also such, conven- 
tions and rules as are universally adopted should be taught 
him, such for example, as that the diameter and not the 
radius of a piece that is to be made ina shop should always 
be designated ; that the over-all dimensions of pieces should 
always be given, etc. 

After the student has done a reasonable amount of this 
kind of drawing, which might be called drawing from 
models, he should next be required to make the detail draw- 
ings for the separate pieces of some machine, and having 
done this, should make the assembly drawings from these 
detail drawings, thus learning how the separate pieces are 
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to be put together to form the complete machine, to 
detect errors in the detail drawings, and how all this is to 
be represented on paper. Such a course of instruction is 
necessary in order to give the student the training needed 
to enable him to carry out the reverse process, which is the 
course he will most frequently have to follow in the 
draughting-room of the works. 

For drawing, pure and simple, such a course as that out- 
lined will probably give a reasonable skill in executing and 
in making and reading drawings. Of course, however, 
there ought to be, if possible for all, and without fail for 
those who are aiming towards topographical work, a reason- 
able amount of drill in topographical drawing; then for all 
there should be, as I have said, instruction in freehand 
drawing, and also in plain lettering. 

As to the drawing done in connection with the other 
work of the students, which would naturally form a very 
considerable portion of their total drawing, 1 shall not 
speak here, for it belongs in connection with the other 
work; the students are supposed to have acquired the lan- 
guage of drawing and to use it whenever needed. 

Perhaps I ought to mention, also, that all engineering 
students should be taught to make blue prints, an easy 
matter as far as teaching it to the student goes, but one of 
the greatest importance in practice. 

It is almost impossible to understand to-day how we ever 
could get along in our large shops and manufactories of 
machinery and of structures without the use of blue prints. 
In former times drawings had to be made, of course, of all 
the parts of the machine, and then tracings of each part to 
send to the shop for the use of the workmen. These trac- 
ings were often spoiled in the shop, and more had to be made, 
involving a large amount of labor; also, if the purchaser of 
the machine wished a tracing, one had to be made for him. 
As things are now, the original drawings are generally 
made in pencil, these being seldom inked. Then one trac- 
ing is made, and from this are taken as many blue prints as 
are desired. If one is lost or spoiled, it can be replaced 
with very slight labor and at small expense. 
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Next comes mechanism, which may be said to be the 
most elementary of the subjects that are commonly con- 
sidered to constitute the strictly professional work of a 
mechanical engineer. It deals with the combination of the 
motions by means of which each machine is enabled to 
accomplish its own special functions when the power has 
been furnished to it. 

Were I to undertake to give a list of cases where the 
invention of certain special mechanisms have revolution- 
ized certain industries, or have advanced enormously the 
industrial progress of the world, or caused a great saving 
of labor, and brought about incalculable benefits for man- 
kind, my task would be almost endless. 

The invention of different combinations, and, hence, the 
introduction of machinery of different kinds, by means of 
which the industrial progress of the world has been ren- 
dered possible, began in the very earliest ages, long before 
the advent of steam, and even back in the days when the 
only sources of power were the work of men and of animals. 
Indeed, had it not been for. machinery the industrial pro- 
gtess, and, hence, the civilization of the world would have 
been impossibilities. There would have been no commerce, 
and no occasion for roads or means of communication, for 
the world would have remained in a savage state. Con- 
sider what was the condition of the textile industries even 
just before the time when Hargreaves invented the spin- 
ning jenny, and Arkwright the spinning frame, and Cromp- 
ton the mule, compared with their condition to-day, and 
you have an example, in one department, of what machin- 
ery has rendered possible, and of how incalculable are the 
benefits that it has conferred on mankind. Then they had 
only the hand-spinning wheel, and the amount of work that 
could be accomplished was very small. The inventions of 
Hargreaves, of Arkwright and of Crompton were merely 
combinations of mechanism, and, although they still used 
manual labor or horse-power, the amount of yarn that one 
person could produce was many times what could be accom- 
plished by the same person with the hand-wheel. To-day 
we should look upon these machines of Hargreaves, Ark- 
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wright and Crompton as exceedingly crude, and instead 
there has been developed all the wonderful variety of 
marvellous machinery that hums in the different textile 
manufactories of the world, furnishing us with all the 
delicate and rich fabrics with which we adorn our persons 
and our houses at the present day, our cotton goods, our 
woollens and worsteds, our silks and satins and laces, our 
carpets and our tapestries, etc. 

Coming down to a later date, consider the enormous 
saving of labor, and the enormous increase in the product 
of the labor of one individual, by the introduction of the 
sewing machine, even leaving out of account the fact of 
driving it by water or steam power. Consider how very 
general is its use, that one can hardly enter a private house 
that is without one, to say nothing of the enormous number 
used in manufactories of clothing and of other articles 
which are made by sewing. 

Furthermore, it has found its way, with some modifi- 
cations into the manufacture of shoes; and in this industry 
we find a great number of special machines in use which 
are simply combinations of mechanism designed to accom- 
plish certain special results. 

Then consider the tools used in our machine shops, and 
places where machinery is manufactured; the lathes, the 
planers, the drills, the shapers, the milling and the grinding 
machines, the gear cutters, and the host of special machines 
in constant use all over the world. 

Consider the bolt and nut machines, the machines for 
making barbed wire, the nail machines, the screw machines, 
and a host of others too numerous to mention. To call 
them labor-saving devices is a misnomer, for they rather 
render possible the work of the world, such as it is at the 
present day, which would be an utter impossibility without 
their aid. 

The methods of combining the different parts of a 
machine, so as to obtain the desired motions, have been 
reduced to a system, and this system constitutes the study 
of mechanism. 

It aims to make the student familiar with the methods 
VoL. CXXXVIII. 3° 
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by which such results are to be accomplished, and to teach 
him the principles governing them, so that he may under- 
take intelligently the devising of new arrangements, and 
may avoid making or proposing absurd, impossible or 
unadvisable combinations. It depends mainly on pure 
mathematics and involves a knowledge of drawing. The 
mathematics principally needed are algebra, geometry, tri- 
gonometry and descriptive geometry, while it is very useful 
and will often save work and enable one to reach results 
more easily to have a knowledge of analytical geometry and 
calculus. 
' Drawing is, of course, indispensable also. We might 
ell say that mechanism is a mathematical subject, and 
teaching it requires the use of the class-room and the draw- 
ing-room. Toacertain extent it is desirable and almost 
necessary to use models also, but care should be taken that 
the student fully understands a drawing; for if, in order to 
work out a combination, he finds it necessary to buil.l or 
look at a model before he can predict with certainty what 
it will accomplish, he has not properly learned his mechanism. 
In order to have a knowledge of the subject that is suffi- 
cient to enable him to make real use of it in practice, he 
must be able to put his ideas into shape in a drawing readily 
and quickly, and to predict the mode of action from this 
drawing and such mathematical calculations as he may 
make. If, on the other hand, a drawing is presented to him, 
he should understand how the machinery represented will 
behave, and what can be expected of it. Moreover, he 
should be able to do this with mechanism of very consider- 
able complexity, for he will often meet with such machinery 
in the course of his practice. 

Now, after he has had his systematic study of mechanism, 
it seems to me that it is of great importance that he should 
make a study of the usual machine tools that are in general 
use to-day, such as lathes, planers, milling machines, etc., 
studying first the characteristics of the usual mechanisms 
they contain, noticing the reasons for choosing some and 
not others; as, for instance, the questions of stiffness, of 
wear of the surfaces, of stability, etc. Of course, he should 
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have an opportunity for studying some forms of these by 
personally inspecting them in the shops attached to the 
institution, but these are necessarily limited in size, and 
there is also an enormous variety of other combinations in 
common use for different purposes. This work can best be 
accomplished by the teacher, probably, if he puts in the 
hands of the students a large and systematically selected 
collection of cuts of the machines in general use made by 
some of the best makers. The teacher, of course, must be 
familiar with these machines, and he must be able to 
explain to the class their general as well as special features, 
and see that the student becomes familiar with them. A 
little instruction of this sort will be of great service to the 
student in many ways, both in his course and in his subse- 
quent work in the practice of his profession. 

Another thing that, in my opinion, is very desirable to do 
by way of making the student’s study of mechanism ser- 
viceable to him, I will now explain. 

In the study of machine tools just referred to, the student 
gains a familiarity with the characteristics of those kinds 
of machinery which he will meet with at every turn; but, 
as a rule, the ordinary machine tools cannot be said to 
involve a very large amount of complicated mechanism ; 
hence, something should be done by way of making him thor- 
oughly familiar with certain classes of machines that, in 
order to accomplish their objects require a large amount of 
very complicated mechanism. Hence, he should be taught 
the construction of some such machines in all their details, 
and then, if possible, he should find in the laboratory exam- 
ples of some of these machines, and be made to understand 
them in detail—as it were, to dissect them, to see for himself 
that they do accomplish what is claimed for them, and to 
verify, by his own computations from the dimensions of 
the parts, whether the actual motions are such as agree with 
his calculations; and if not, to find out why they are not, 
or, in other words, wherein he made his mistakes in calcu- 
lation. Now, it matters comparatively little what kinds of 
machines these are, provided only that some of them, at 
least, involve a very considerable complication. In the case 
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of our own classes, we have a lot of textile machinery, the 
most complicated of which is a spinning mule; and the 
students are required to become thoroughly familiar with 
the action of all the parts of these machines. For exam- 
ple, in the case of the mule, they must understand thor- 
oughly what is the mechanism for carrying out and 
returning the carriage, and how this is caused to vary its 
speed at different times; what is the mechanism that does 
the twisting; what the winding; how the roving is drawn 
out in the beginning, etc. By having such a machine 
in the laboratory the student can be made to study and 
understand it; whereas, ina mill the mules could not be 
stopped and run at his convenience and for his benefit. 
Moreover, after the student has had a good course in 
mechanism, and has then had to render himself familiar 
with all the parts of a machine as complicated as a mule, 
he is better prepared to grasp and understand complicated 
mechanism of any kind; as, for instance, a barbed wire 
machine, a bolt and nut machine, an automatic screw 
machine, etc. 

Then, again, there is a special class of problems in 
mechanism, which concern machines that generate power, as 
the mechanism of the steam engine; but the one portion of 
the mechanism of the steam engine that requires special 
attention is the valve gear. Hence, the student should have 
such thorough instruction in valve gears and link motions 
as shall drill him in the mathematical principles for work- 
ing out valve gears in all their details, and should also be 
taught the different ways of designing and making those in 
use to-day, the ways of constructing them and their adjust- 
ments, all this being really a part of the mechanism course. 

Now, although I have already met and answered a ques- 
tion that might arise in the minds of some, it will, perhaps, 
be worth while at this point to raise and answer it again. 
It is this: Is it as important for the young man who ex- 
pects to devote himself to what is commonly called civil 
engineering to be thoroughly drilled in mechanism as it is 
for the mechanical engineer? and I answer very decidedly, 
yes. The civil engineer who is to build bridges or engage 
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in some of the kinds of engineering which I enumerated 
under my list of so-called public works, cannot carry on any 
work of any magnitude without having to use a good deal 
of machinery, and is liable to have to use special machinery; 
and the more important the work on which he is engaged the 
greater the use he has for machinery of all kinds; and if 
the development that has taken place up to the present 
time is any sign of what is to take place in the future, he 
will be more and more intimately concerned with the use of 
machinery, which he will need to direct, to set up, and per- 
haps even to design. 

Another matter to which it may be well to refer is thata 
thorough knowledge of the principles of mechanism will 
tend to guard the prospective engineer against the danger 
of inventing absurd and impossible combinations of mecban- 
ism and impracticable machines, or to expect to accomplish 
by means of mechanism only results that cannot be accom- 
plished by it alone. 

Indeed, were I to attempt to give you a list of all the 
worthless and absurd inventions of the world, I should 
probably find that the greatest part of them consisted of 
some form of mechanism. The very fact that the invention 
of certain machines, #. ¢., of the mechanism of those machines, 
has had sucha powerful influence on the welfare of man- 
kind is, of itself, an invitation to a great many people who 
are ignorant of scientific principles, and also of the require- 
ments of machinery, to try their hands at inventing, and the 
patent offices of the world contain an enormous number of 
such worthless contrivances. 

The next course of which I shall speak is one which 
vitally concerns the engineer at every turn, and, therefore, 
one in which it is absolutely necessary that he should be 
very thoroughly drilled. The course to which I refer is 
theoretical and applied mechanics. This term has been 
used in different senses at different times, and in different 
places, but the sense in which I shall use it is that which is 
now most generally accepted; ¢. ¢., it includes a general and 
mathematical discussion of the action of forces upon bodies 
at rest orin motion, and also a full treatment of the strength 
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and elasticity of the materials used in construction, both 
from a mathematical and also from an experimental point 
of view. To speak more in detail, it includes a treatment 
of such subjects as the following, viz.: composition and 
resolution of forces, conditions of equilibrium, determina- 
tion of the centers of gravity, of lines, areas and of solid 
bodies ; the general laws of dynamics, as a treatment of uni- 
form and varying motion; the pendulum, determination of 
moments of inertia, and of centers of percussion, etc.; the 
laws of friction ; determination of the work used up in fric- 
tion, both by mathematical calculation and by actual 
experiment. Then come the determinations of the stresses 
in the different members of trusses of all sorts; and then a 
study of the mathematical discussion of the theories of the 
strength and elasticity of materials, z. ¢., study of the dis- 
tribution of the stresses acting in tension rods, struts or 
compression pieces, beams or other pieces bearing a trans- 
verse load; also in all sorts of pieces that are subjected to 
shearing, including, of course, riveted joints, shafting and 
beams, as well as in other pieces; the distribution of the 
stresses acting in a hook, or in any tension or compression 
piece that has to bear an eccentric load ; the determination 
of the greatest intensity of the stress, or, in other words, of 
the stress acting on the most strained fibre in each case; 
also the determination of the strains (elongations in the 
case of tension, and shortenings in the case of compression 
pieces) that occur in all the different parts of the piece; the 
modes of determining the deflections of beams, the angle of 
twist of shafts, or the amount of yielding of pieces gener- 
ally, under load; theories and modes of calculation of the 
stresses at different parts of continuous girders, 7. ¢., beams 
which are continuous over more than two points of sup- 
port ; also of the deflections of, and the shearing stresses of, 
such beams; determinations of the stability of, and of the 
stresses acting in, arches which bear a load, whether they 
are of stone or iron; theory of the stability of domes, and 
then a study of the theory of elasticity. 

Turning to the experimental side, the student should 
be familiarized with what experiments have been made 
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upon and what results they have shown as regards the 
strength and the stiffness of such pieces as are used in con- 
struction to bear a load. Moreover, the account of these 
experiments should be brought up to date, and special 
emphasis laid on the results of those where the conditions 
of practice, as to size, manner of loading and treatment 
generally, have been exactly, or at least approximately, 
copied. The student should be made to study carefully the 
results that have been obtained in these experiments, 
to collate and compare, and to draw from them such conclu- 
sions as are warranted, to see how far and in what ways 
they may modify the ordinary mathematical calculations 
and the ordinary ideas in regard to the action of such 
pieces in bearing loads. To study the effects of the repeti- 
tion of stresses to which pieces are very frequently sub- 
jected in practice; in short, to put himself as nearly as pos- 
sible in such a condition that he knows what is the extent 
of our knowledge of the facts as shown by experiment in 
regard to the behavior of the materials of construction, 
wood, iron, steel, stone, cement, concrete, etc., when sub- 
jected to such loads as they have to bear in practice. 

It would seem almost unnecessary to say that such sub- 
jects as the above are of the most vital importance to the 
engineer, and yet, absurd as it may seem, there have been 
those, and there are still occasionally some, whoconsider such 
information as of no consequence. These are the men who 
believe in doing their work by rule of thumb; and they 
would proportion the parts of any machinery or structure 
which they might have to build by one of two methods, 
either of which they would call practical, for the reason 
only that it lacks the element of scientific knowledge. The 
first method is, if the thing to be designed is similar to 
something that they are familiar with, to copy that— 
whether it is right or wrong, whether it is far stronger 
than need be, or on the verge of collapse—simply because 
they are following a precedent ; if it is to be of the same 
sort as something that has gone before, but is to be of 
greater or less capacity, they are very liable to determine 
the sizes of the new one from those of the old one by 
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the rule of three; or, if the new machine or structure 
is wholly unlike anything they have seen before, or if, 
though like something they have seen before, they decide 
not to copy the old, they determine what dimensions to 
give it by guessing, and call their guesses practical experi- 
ence, notwithstanding the fact that they are often very poor 
guesses. 

The second, and more usual method which such men are 
liable to follow, is to determine the dimensions of the pieces 
by means of formule found in some handbook, and they 
assume that because a formula is found in a handbook, 
or rather in the handbook which they have adopted as 
authority, therefore, it must be right, trusting blindly to the 
correctness of the formula and constants given in these 
handbooks, although they have no knowledge of the 
assumptions made in the deduction of the formule, nor 
of the experimental basis upon which the determination of 
the constants rests. 

It is needless to say that either of these methods is liable 
to, and often does, result in disaster, and accident after acci- 
dent has resulted from, and lives have been lost in conse- 
quence of, the use of each of such methods as these. 

The consequences of structural weakness in any member 
of a structure or machine are: 

(1) Lack of the necessary stiffness, and hence, in the 
case of a machine, the turning out of poor work; or, in the 
case of a structure, oscillations which render it unsuitable 
for the performance of fine and accurate work of any kind. 

(2) Breakage of the structure or machine. 

(3) Injury to surrounding objects, personal injury, and 
perhaps loss of life. 

Hence it is very important to provide the requisite 
strength and stiffness in all the members of the structure or 
machine. Increase of the amount of material does not 
necessarily mean increase of strength. 

The first step towards determining the proper dimen- 
sions for any piece, in order to secure the requisite strength 
and stiffness, is to know the forces acting upon it, and how 
they act. 
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Then we need to determine the stresses to which the 
piece is subjected, in consequence of the action of these 
forces, and also the strains, z. ¢., the elongations, compres- 
sions, deflections or deformations due to these stresses. 

Next, whether the forces are quiescent, or whether they 
are oft-repeated, and what are the conditions of the repeti- 
tions. 

Then we are ready to determine what dimensions we 
must adopt in order that the greatest stresses at any point 
shall not exceed an amount consistent with safety, this 
amount being determined by experiments made upon the 
strength of the material, and so that the greatest strain 
shall not exceed an amount consistent with safety and with 
the proper stiffness of the machine or structure. 

If, for instance, we are to decide upon the proper dimen- 
sions to adopt for the different pieces that compose a 
machine, we need to ascertain, first, what is the greatest 
force exerted at that end of the train of mechanism where 
the work is done. It becomes then merely a question of 
composition and resolution of forces to determine the forces 
acting on any one piece of the machine. We shall thus 
find, in general, that some pieces are subjected to direct ten- 
sion, some to direct compression, some to a transverse load, 
some to torsion, some to a combination of different stresses, 
and some to various eccentric loads. 

Suppose, now, that we have a structure, for instance a 
building. We must first ascertain the greatest loads that 
can come upon any part of the floors, and then determine 
the stresses produced in the beams, columns, walls, etc., by 
these loads. But we must also observe that the greatest 
stresses are not necessarily those produced by the greatest 
loads, and hence we must determine the loads which pro- 
duce the greatest stress in each member. Similar remarks 
apply to a bridge structure. 

A few examples will serve as illustrations. Take the 
case of one of the columns of a building. When the greatest 
load per square foot covers the entire floor above, the 
resultant of this load on that floor acts along the center line 
of the column, and the stress per square inch due to this 
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load is uniformly distributed over the section. When, on 
the other hand, the floor on one side is fully loaded, and the 
floor on the other side is not loaded, then the total load is 
less than in the other case, but its resultant does not act 
along the center line of the column, but is eccentric. Now, 
it is plain that the eccentricity of the load introduces a 
tendency to bend, and, under such conditions the load that 
will break the column is very much less than it would be 
when the load resultant is central. 

Now, when a column ina building is to be calculated, 
we should determine what is the greatest stress on one side, 
due to having as great an eccentricity of load as is. possible 
to be attained in the use of the building, and we should see 
to it that the dimensions of the column are such that this 
greatest stress shall not exceed safe limits. Further, if with 
most of the sizes of columns used in buildings we were to 
determine the amount of this eccentricity, and also the 
probable amount of the deflection under any central load 
that the column would have to carry while in use in the 
building, we should find that the latter is almost inappreci- 
able compared with the former, and yet it is not at all 
common for people to-day to compute the stresses due to 
the eccentric loading, and instead they often use some for- 
mula which was devised for central loading, and which was 
deduced by making certain assumptions in regard to the 
deflections which experiments on actual full-sized columns 
do not bear out. 

This I call neglecting the important consideration and 
performing a great deal of computation on a very minor 
one, by means of a formula that cannot be proved, but 
which is given in the handbooks. Is it any wonder that 
columns sometimes fail ? 

Another illustration is to be found in connection with 
the calculation of fly-wheels of steam engines. Every once 
in a while we hear of the bursting of a fly-wheel, the frag- 
ments of which have, in consequence of the breakage, been 
hurled like so many projectiles, in all directions, carrying 
death and destruction in their paths. 

Now, in several cases of wheels which I have examined, 
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the stresses existing in the bolts which unite the separate 
sections of the rim, and the stresses in the portions of the 
rim near the joints, were decidedly greater than a due 
regard for safety would allow, and greater than the design- 
ers of the wheels would have allowed had they been design- 
ing some other construction, or had they realized their 
existence in the case of the wheel. The difficulty in these 
cases, apparently, was that the designer, if he figured at 
all, disregarded the fact that the bolts were not placed in 
the line of direction of the resultant of the tension in the 
rim, but were located on one side of that line, and that 
therefore they had an eccentric load, and, having neglected 
to figure the extra stress due to the eccentricity of the 
load, he did not provide sufficient strength in the wheel to 
resist it. 

Another way in which erroneous results may have been 
reached is in the misapplication of a rule given in Rankine’s 
books, which applies only when the load is not eccentric. 

Another case where disaster occurred in consequence 
of neglect to consider the effect of an eccentric load (well 
known to a Boston audience), is afforded by the Bussey 
Bridge accident, which occurred a few years ago, where, as 
will be remembered, one of the hangers had a very eccentric 
pull, while it was only strong enough to bear the load if 
it had been central. This disaster was the cause, not only 
of a serious destruction of property, but also of a large loss 
of life. 

Let us turn next from a consideration of the formule to 
the question of the proper constants to use. 

If the dimensions proposed for any piece are such that 
the greatest stresses and the greatest strains in the piece 
are no greater than the safe allowable stresses and the safe 
allowable strains, respectively, for that kind of material, 
then the dimensions chosen are such as are consistent 
with safety; but if they are larger, the dimensions must be 
altered so as to bring these greatest stresses and strains 
within safe limits. 

The knowledge of what are safe limits is, of course, an 
important matter, and can only be determined by experi- 
ment. 
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This principle has, of course, been generally acknow!- 
edged for a Jong time by those who believe, as they should, 
in calculating the stresses that actually exist, and a great 
many experiments have been made, and the results of such 
experiments have been published, and are quoted in books, 
and, of course, in the handbooks. Now, there are many 
who accept, as necessarily correct, the constants given in 
their favorite handbook, without stopping to ascertain under 
what conditions the experiments were made, and whether 
or not these conditions are similar to those which exist in 
the cases they themselves havein hand. The result of such 
a course is the frequent use of values for allowable stresses 
which are not suitable to use at all, or which, while suitable 
in some other case, are not suitable to use in his own case. 
To make this matter plain, let us use a few illustrations: 

In the different handbooks are given various rules and 
constants from which to determine the breaking loads of 
wooden columns. Taking the condition of the handbooks 
a few years ago, the engineer would have found, if he chose 
to hunt up the records of the experiments upon which most 
of these constants were based, that their only basis was seven 
experiments selected out of seventeen, which were made 
‘about the year 1840, upon seventeen columns cut out of one 
good plank of Dantzic oak, which had been cut up and 
seasoned about one year, the largest piece tested being about 
two inches square and five feet long; and that since the 
results obtained from the seventeen did not run very uni- 
formly, ten were thrown aside, and the other seven were used 
to furnish the constants for the formulz; and further, that 
most of the formule given in the handbooks took their con- 
stants from these experiments, and applied them indiscrimi- 
nately to wooden columns of all kinds of wood. Moreover, 
while a few other formule were given at that time, they all 
derived their constants from experiments on small speci- 
mens, and made under conditions which rendered them 
unsuitable to use in actual practice; 7. ¢., the breaking 
strengths as figured by means of these formule and con- 
stants were very different from the actual breaking strengths. 

Now that experiments on full-size columns of wood have 
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been made, it is found that different kinds of wood differ 
very considerably in their crushing strengths ; that oak, in 
regard to which the prejudice has almost always existed 
that it is stronger than yellow pine,is really not as strong 
as the yellow pine; and thatall the figures that are suitable 
to use for the crushing strength of timber columns of prac- 
tical size are very decidedly lower than those given by the 
results obtained bythe Dantzic oak experiments already 
referred to. 

When we stop to consider the reasons for these facts, 
they become evident, viz.: There exist in timber columns 
of the sizes and proportions used in practice, knots, season 
cracks, defects and a lack of homogeneity which do not 
exist in small selected pieces. Hence, since modern experi- 
ments made under the conditions of practice have shown us 
what are really the values suitable to use in computing the 
breaking strengths of timber columns, it follows that these 
old constants were entirely inapplicable. 

As a matter of fact, a very considerable number of the 
handbooks and other books now give the new instead of 
the old constants; but other authors, either through obstin- 
acy or inertia, have not changed their books to keep up 
with the times in this respect. 

In the case of timber beams bearing a_ transverse 
load, the number of experiments made on small pieces, 
about two inches square and five feet long, is very large; 
and the constants almost universally given in the hand- 
books until a very recent date were based upon experiments 
of this kind. The results, however, differed a good deal 
among themselves, as they were obtained from different 
sets, but all are decidedly larger than those that have been 
obtained from modern experiments made on beams of such 
sizes as are used in practice, and for the same reasons that 
were explained in the case of timber columns. 

The condition of things to-day, therefore, is that some of 
the handbooks still adhere to the old constants, differing, 
however, among themselves, and that others have brought 
their books up to the times in this regard, and give the new 
constants derived from the modern experiments, although 
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not all the handbooks that give reliable constants for col- 
umns do the same for beams, nor do all those which give 
reliable constants for beams do the same for columns. 

Until within the past five or six years, the building 
laws of the city of Boston prescribed that in the case of 
timber columns and timber beams the safe load to apply 
should be considered as one-third of the breaking load, the 
breaking load being calculated from such constants as are 
given by any good authority. The law did not prescribe 
any method of determining what is good authority, and 
hence left it to be tacitly assumed that any of the hand- 
books, or books of that character, which were used by repu- 
table engineers or architects, might be considered as good 
authority. In accordance with these directions, what a man 
would call the breaking load of a given yellow pine beam 
would depend upon which handbook he happened to get his 
constants from. 

Let us suppose that he took as his authority Hatfield's 
experiments on yellow pine beams, about 2 inches square 
and 5 feet long, and used the average of his results. In 
this case, he would find for extreme fibre stress, when the 
beam was just on the point of breaking, 15,000 pounds per 
square inch. Applying to this the factor of safety 3, as 
required by law, he would find the safe load by allowing an 
extreme fibre stress of 5,000 pounds per square inch, whereas 
modern experiment shows that, for beams of practical size, 
it is liable to be on the verge of breaking when the extreme 
fibre stress reaches 5,000 pounds per square inch. 

Indeed, it is only within the last twenty years that much 
activity has been displayed in testing the strength of 
pieces of practical size, and that a flood of light has been 
thrown on the question as to what are not reliable constants 
to use in practice. In the case of most of the constants 
given for iron and steel, the greater part of them have 
generally been nearer to the truth than in the case of 
timber, but there has been a very considerable lack of 
accurate information on the subject. 


[Zo be concluded.) 
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Dec., 1894.] Book Notices. 


BOOK NOTICES. 


Transition Curves.—A field-book for engineers, containing rules and tables 
for laying out transition curves. By Walter G. Fox, C.E., New York: D. 
Van Nostrand Company. 1893. Van Nostrand's Science Series, No. 110. 
80 pages. 50 cents. 


The author here submits six tables, each representing a different transi- 
tion curve. These curves differ from one another in the rate at which the 
curvature increases with the number of chords laid off. The tables give the 
co-ordinates for locating the points at the ends of the chords, as well as the 
deflection angles, in order that the curve may be run by offsets, if desired. 
The usual tables of radii and apex distances are also given. 3 


Encyclopédie scientifique des Aide-Mémoire. Dirigée par M. Léauté, Membre 
de |'Institut. Librarie Gauthier-Villars et fils. Quai des Grand-Augus- 
tins, 55. Price, per volume, 2°50 francs, unbound; 3 francs, bound. 


Since our last notice of this capital technological series, the following addi- 
tional volumes have appeared : 


Hennebert. Lieutenant-Colonel du Génie, ancien Eléve de |'Ecole 
Polytechnique. Fortification. 


Sorel, E. Ancien ingenieur des manufactures de l'Etat. La rectifi- 
cation »cool. 


Alheilig. Ingévieur de la Marine. Résistance et construction des 
pitces des Machines. 


Billy, E. de. Ingénieur au Corps des Mines. Fadérication de la 
Fonte. 

Minel, P. Ingénieur des Constructions navales. F/ectricité appli- 
guée a la marine. 


Minel, P. Ingénieur des Constructions navales. Régu/arisation des 
moteurs des machines électriques. 


Dwelshauvers-Dery. Ingénieur, Professeur 4 l'Université de Liége. 
Etude expérimentale dynamique dela machine a vapeur. 


Marchena, R. de. Ingénieur des Arts et Manufactures. A/achines 
frigorifiques gaz liguéfiables. 


Marchena, R. de. Ingénieur des Arts et Manufactures. Machines 
frigorifiques a air, 
w. 
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Franklin Institute. 


[ Proceedings of the stated meeting, held Wednesday, November 21, 1894.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 21, 1894. 


Mr. H. R. HEYtL, in the chair. 


Present, seventy-six members and four visitors. 

Additions to membership since last report, twelve. 

Mr. John C, Trautwine, Jr., described, with the aid of lantern projections, 
the subway which is about to be constructed jointly by the City of Philadel- 
phia and the Philadelphia and Reading Railroad Company, and which has 
for its principal object the abolition of the numerous grade crossings of the 
Reading Company's tracks which now exist on Pennsylvania Avenue, 
between Broad Street and the entrance to the Park at Fairmount Avenue. 

The dominant feature of the plan is the depression of the railway below 
the street level, from a point east of Broad Street westward to Twenty-sixth 
Street, whence the tracks will rise to the present surface level at Thirtieth 
Street. 

From Broad Street westward to Twenty-first and Hamilton Streets, the 
railroad will occupy an open subway, over which the several north and south 
streets will be carried upon iron bridges, while from Twenty-first Street 
northwestward to Twenty-sixth Street it will be in a tunnel, which is to be 
surmounted by a boulevard. 

The operations now under way are confined to the construction of the two 
elaborate systems of low-level sewers necessitated by the plan. These empty 
into the Schuylkill River at the foot of Powelton Avenue, whence they extend, 
respectively, eastward along Callowhill Street to Thirteenth Street, and north- 
westward along Pennsylvania Avenue to Thirtieth Street. Their maximum 
depths below the street surface are, respectively, about forty and fifty feet. 

Mr. J. L. Gill, Jr., gave a description of the remarkable explosion of a 
battery of steam boilers, which occurred in October last at a colliery near 
Shamokin, Pa. The speaker illustrated his remarks by the exhibition of 
a number of projections of photographs taken on the scene a few days 
after the disaster had occurred. The subject was freely discussed. 

Mr. W.N. Jennings exhibited a series of pictures of the launch of the 
ocean liner, S¢. Zouzs, from the Cramps’ shipyard, which took place on 
November 5th. 

The Secretary's report included a reference to the several projects for 
bridging the Hudson River at New York. A view, showing a plan of canti- 
lever bridge of 2,100 feet span, and a suspension structure of 3,100 feet 
span, was exhibited, and estimates of the cost and other details were stated. 

Adjourned. Wo. H. WARL, Secretary. 
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PENNSYLVANIA STATE WEATHER SERVIGE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TowNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For May, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 31, 1894. 


GENERAL REVIEW. 


The average temperature for May was 60°'8, which is about 1°6 above 
the normal. During the first week the excess ranged from 8° to 10° per day, 
the second week about 5°, the third week nearly normal, and the remainder of 
the month below. Cool nights prevailed most of the time. Up to the middle 
of the month crops were mostly in good condition, and some two weeks in 


advance of the season. 

The warmest days occurred on the 1st and 2d, and the coldest on the 29th. 
Quite severe frosts occurred on the 29th, doing considerable damage to grow- 
ing crops. Light frosts were also reported on the 11th, 12th, 15th and 16th. 

From January 1, 1894, to May 31, 1894, the excess in temperature at 
Philadelphia was 379°; at Erie, 430°, and at Pittsburgh, 393°. 

For the same period the excess in precipitation at Philadelphia was 3°17 ; 
Erie, 1°82, and Pittsburgh, 0°72. 

TEMPERATURE. 
Mean 


Mean Precipitation, 
Temperature. inches. 


May, 1888, 57°°6 4°24 
1889, 62°0 5°91 
58°83 671 
1891, . 57°5 2°12 
1892, 59°°5 § 70 
1893, » 58° 0 5°54 
1894, . 60°'8 8°88 
The means of the daily maximum and minimum temperatures, 71°°8 and 
49°°8, respectively, give a monthly mean of 60°8, which is 2°8 above the 
corresponding month of 1893. 
The average daily range was 22™0. 
Highest monthly mean, 65°o at Altoona. 
Lowest monthly mean, 55°*4 at Dyberry. 
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Highest temperature recorded during the month, 92° on the ist at Holli- 
daysburg. 

Lowest temperature, 27° on the 15th at Dyberry. 

Greatest local monthly range, 62° at Hollidaysburg. 

Least local monthly range, 42° at Harrisburg. 

Greatest daily range, 54° at Hollidaysburg, 


PRECIPITATION, 


The average precipitation for the State, for the month, 8°88 inches, is an 
excess of 4°79. The average would have been considerably greater but for 
the comparatively light rains in the extreme western portion of the State. 
The fall was light during the first half of the month, and although general 
rains occurred on the 5th, 6th and 7th the quantity was small, and by the 
middle of the month, crops were beginning to suffer from want of moisture. 
General rains occurred on the 17th and 18th, becoming heavy on the Ioth, 
and excessive on the 2oth and 21st. On these last two days, the measure- 
ments amounted from 5°07, to 5°95, at four stations ; 6°43, to 6°68, at six stations ; 
7°00 to 7°87, at ten stations; and 8°44, to 9'03, at three stations. Some of the 
greatest daily totals were 5°94, 5°64, 5°56 and 5°50 inches. 

Forty-nine stations reported excessive rains, 7. ¢., 2°50 inches and over in 
any twenty-four consecutive hours. 

From the 17th to the end of the month, rains were practically continuous, 
ranging from light to torrential. 

Some of the largest totals in inches for the month were reported from 
the following stations. Quakertown, 15°02; Forks of Neshaminy, 14°80; 
Coopersburg, 14°73; Cassandria, 14°57; Somerset, 14°33; Lansdale, 14°27; 
West Chester, 13°82; Mauch Chunk, 13°66; Westtown, 13°40; Reading, 
13°34; Point Pleasant, 13°09; Seisholtzville, 13°06; Ottsville, 12°92; Girard- 
ville, 12 69; Pottstown, 12°26; Browers Lock, 12°11, and West Philadelphia, 
12°07 inches. 

The least were Elwood Junction, 2°72; Greenville, 3:03; Beaver Dam, 
3°70; Lock No. 4, 4°21; West Newton, 4°24, and Freeport, 4°27 inches. 

The excessive rains of the 21st and 22d produced disastrous floods in many 
parts of the State. Towns were inundated, bridges destroyed, an immense 
number of logs sent adrift, railroad tracks washed out, travel delayed, and 
many other damages incident to floods. Agricultural interests suffered 
severely. Many farms along the rivers and streams were completely inun- 
dated, crops washed out, and the lands left covered with deposits of mud and 
foreign matter. Numerous farms not subject to the overflow of streams were 


badly washed, low lands flooded, growing crops injured by wash-outs and 
washings from hill-sides, seeds rotted in the ground from cold and excessive 


moisture, and farm work delayed by the muddy and saturated condition 


of the soil. 
WIND AND WEATHER, 


The prevailing wind was from the West. 
Average number: rainy days, 16; clear days, 9; fair days, 8; cloudy 
days, 14. 
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BAROMETER, 


The mean pressure for the month, 29°95, is about ‘o5 below the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°46 at Philadelphia and Harrisburg on the 12th, and the lowest 29°53 at 
Erie on the 6th. 
MISCELLANEOUS PHENOMENA. 


Thunder Storms.—Pittsburgh, 6th, 17th, 18th; Hollidaysburg, 6th, 17th, 
18th ; Quakertown, 6th, 7th, 18th, 19th; Cassandria, 4th, 5th, 6th, 7th, 17th, 
18th, 20th, 25th, 26th, 27th, 30th; Johnstown, 4th, 5th, 6th, 16th, 17th, 18th, 
28th; Emporium, 5th, 6th, 17th, 18th, 26th, 28th; Mauch Chunk, 6th; State 
College, 17th, 18th, 26th; West Chester, 6th, 18th, 26th, 28th; Coatesville, 
6th, 18th, 26th, 28th; Kennett Square, 6th, 7th, 18th, 26th; Phoenixville, 18th, 
Igth, 20th, 26th; Westtown, 6th, 18th, 19th, 26th, 28th; Grampian, 17th; 
Bloomsburg, 6th; Carlisle, 6th, 16th, 18th; Harrisburg, 7th, 17th, 18th, igth, 
26th, 27th ; Uniontown, 6th, 16th, 17th; Huntingdon, 6th, 17th, 18th; Kilmer, 
6th, 18th, 19th, 26th; Lebanon, 6th, 18th, 26th; Coopersburg, 6th, 18th, 
igth, 28th; Wilkes-Barre, 6th; Pottstown, 18th, 19th, 26th, 28th; P/z/a- 
delphia [Weather Bureau], 5th, 6th, :8th, 19th, 23d, 26th, 28th; [Centennial 
Avenue], 6th, 18th, roth, 26th, 28th; [Locust Street], 5th, 18th, 26th, 28th; 
Shingle House, sth, 17th, 18th, 26th, 28th; Somerset, 5th, 7th, 16th, 17th, 
18th; Lewisburg, 6th, 18th, 19th, 26th, 27th; Dyberry, 4th, 5th, 6th, 18th, 
23d, 27th, 28th; Honesdale, 6th; Salem Corners, 6th, 27th, 28th; Ligonier, 
4th, 26th; South Eaton, 5th, 17th, 27th, 28th; York, 5th, 6th. 

Hfail.—Pitisburg, 17th, 31st; Cassandria, 6th, 18th; Johnstown, 18th, 31st; 
State College, 18th, 26th; Phoenixville, 28th; Westtown, 26th; Saegerstown, 
23d; Carlisle, 26th; Uniontown, 16th, Logania, 6th; Shingle House, 7th, 
18th; Selins Grove, 6th; Wellsboro, 18th; Lewisburg, 6th; Dyberry, 6th; 
Salem Corners, 6th; Ligonier, 31st; York, 28th. 

Frost.—Pittsburgh, 29th; Hollidaysburg, 11th, 12th, 29th ; Le Roy, 15th, 
29th; Quakertown, 29th; Cassandria, gth, 12th, 29th; Johnstown, 29th; 
Emporium, gth, roth, 12th, 29th; Mauch Chunk, 29th; State College, 29th ; 
West Chester, 29th; Coatesville, 29th; Kennett Square, 29th; Grampian, 
29th ; Saegerstown, 28th; Uniontown, gth, 12th; Huntingdon, 29th; Kilmer, 
29th ; Lebanon, 29th ; Coopersburg, 29th ; Drifton, 29th; Kane, 29th ; Green- 
ville, 29th; Logania, 12th, 29th; Shingle House, gth, 12th, 29th; Selins 
Grove, 29th; Somerset, 12th, 29th; Wellsboro, gth, roth, 12th, 13th, 15th, 
16th, 26th, 29th ; Lewisburg, 29th; Dyberry, gth, roth, 12th, 14th, 15th, 16th, 
29th; Honesdale, 15th, 16th, 29th; Salem Corners, 15th, 29th; Ligonier, 
2gth ; South Eaton, 15th, 29th; York, 2gth. 

Solar Halo.—Emporium, 11th ; West Chester, 30th ; Philadelphia [Weather 
Bureau], 4th, 5th, 16th; [Centennial Avenue], 16th, 30th; Wellsboro, 16th. 

Lunar Halo,—West Chester, 11th, 15th; Emporium, roth, 11th; PAdla- 
delphia [Weather Bureau], 15th; [Centennial Avenue], 4th, 15th; [Locust 
Street], oth, 15th ; Wellsboro, 15th. 
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JULY WEATHER, 
From United States Weather Bureau Records. 

The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 
conditions during that time, and also the range within which weather varia- 
tions may be expected to keep in any future July. 


Philadelphia, Pittsburgh. Erie. 
(23 years.) | (22 years.) (20 years.) 

76° 74° 7° 
1891 1891 1884 
Highest recorded, ... ror® 103° 94° 

26th, 1892 toth, 1881 17th, 1878 
Lowest temperature recorded, 3 54° 50 47° 
Average date of last ‘‘killing’’ 

Average precipitation (inches),. . . 4°36 2°80 
Average number of ~~ with ‘or 

Greatest monthly precipitation 9°20 7°03 
Least monthly precipitation 1°99 0°76 
in 24 hours,.... 3°00 3°85 2°26 
Average number clear days 10 9 

oudy, 13 16 14 
8 6 6 
Prevailing direction of wind,. . . . SW NW 
Highest velocity, miles per hour, . 4° 39 56 
zoth, 1876 2oth, 1887 2oth, 1876 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For JUNE, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, June 30, 1894. 


GENERAL REVIEW. 


The average temperature for June was 69°6, which is about 0°6 above 
the normal. The first half of the month was cooler than usual, and the last 
half warmer. The total excess of temperature during the month amounted. 
to about 33°. 

The warmest days occurred on the 22d, 23d and 24th, and unusually high 
temperatures were recorded. 

The lowest temperatures were recorded on the 6th, 7th and 8th, on which 
dates a few stations reported frosts, but they were not damaging. 

Owing to the wet and cold, crops made slow progress until the latter half 
of the month, when favorable conditions prevailed, 

From January 1, 1894, to June 30, 1894, the excess in temperature at 
Philadelphia was 412°; at Erie, 491°, and at Pittsburgh, 316°. 

For the same period the excess in precipitation at Philadelphia was 1°50; 
while at Erie the deficiency was 3°10, and at Pittsburgh, 4°44. 


TEMPERATURE. 


Mean 
Temperature. 


June, 1888, 
1889, . . 


| 
| 
| 
Precipitats 
68°°6 3°04 
le: 66°"5 5°43 
1892, . 6770 71°97 5 64 
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The means of the daily maximum and minimum temperatures, 81°°5 and 
57°°7, respectively, give a monthly mean of 69°°6, which is the same as the 
corresponding month of 1893. 

The average daily range was 23°°8. 

Highest monthly mean, 73°°8 at Swarthmore. 

Lowest monthly mean, 64°*4 at Kane. 

Highest temperature recorded during the month, 102° on the 24th at 
Hamburg. 

Lowest temperature, 30° on the 7th at Dyberry. 

Greatest local monthly range, 64° at Saegerstown. 

Least local monthly range, 47° at Cassandria. 

Greatest daily range, 50° at Lock Haven. 


PRECIPITATION, 


The average precipitation for the State, for the month, 2°57 inches, is a 
deficiency of 1°38. While rains were frequent, they were light, and, owing 
to the saturated condition of the ground from the rains in May, were suffi- 
cient for agricultural purposes. 

The largest monthly totals were Phoenixville, 5°31; State College, 4°60; 
Seisholtzville, 4°32; Westtown, 4°08; Hollidaysburg, 3°87; Forks of Nesha- 
miny, 3°83. 

The least were Pittsburg, 0°61 ; Reading, 0°91; Davis Island Dam, 096; 
South Eaton, 1:09; Doylestown, 1°35; Beaver Dam, 1°38. 


WIND AND WEATHER. 


The prevailing wind was from the West. 
Average number: rainy days, 10; clear days, 13; fair days, 12; cloudy 
days, 5. 
BAROMETER, 
The mean pressure for the month, 30°00, is about ‘03 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°32 at Harrisburg on the 14th, and the lowest 29°58 at Erie on the 2d. 


MISCELLANEOUS PHENOMENA. 


Thunder Storms.—Hollidaysburg, 13th, 16th, 17th, 18th, 22d, 23d, 24th, 
27:h; Quakertown, 4th, 12th, 16th, 24th, 26th, 3oth; Cassandria, 4th, 12th, 
16th, 17th, 18th, 22d, 23d, 24th, 25th, 27th ; Johnstown, 4th, 12th, 16th, 17th, 
22d, 23d, 24th, 25th, 26th, 27th; Emporium, 3d, 12th, 16th, 17th, 18th, 23d, 25th, 
27th; Mauch Chunk, tgth, 23d, 24th; State College, 2d, 12th, 18th, 1oth, 
25th; West Chester, 4th, 13th, 24th, 30th; Coatesville, 4th, 5th, 7th, 24th, 
26th; Kennett Square, 4th, 13th, 24th; Phoenixville, 24th; Westtown, 4th, 
12th, 24th, 30th; Grampian, 12th, 16th; Lock Haven, Ist, 4th, 7th, 12th, 
16th, 17th, 18th, 23d, 24th, 25th, 27th; Bloomsburg, 13th, 18th, 19th, 24th; 
Carlisle, 4th, 7th, 12th, 18th, 19th, 23d, 25th, 26th; Harrisburg, 4th, 7th, 
t2th, 13th, 16th, 18th, 23d, 26th; Uniontown, 4th, 12th, 16th, 17th, 22d, 24th, 
25th, 26th, 27th, 30th; Huntingdon, 12th, 16th, 17th, 18th, tgth, 23d, 25th; 


An 


3 


Lebanon, 4th, 7th, 12th, 16th, 18th, 19th, 26th; Coopersburg, 12th, 16th, 
17th, 19th, 23d, 24th, 26th, 30th; Kane, 3d, 7th, 12th, 18th, 25th; Smethport, 
12th, 17th, 23d, 24th, 25th, 27th; Easton, 4th, 12th, 13th, 16th, 17th, 18th, 
Igth, 24th, 26th, 27th, 30th ; Logania, 16th; Philadelphia [Weather Bureau], 
4th, 5th, 13th, 24th, 26th, 30th; [Centennial Avenue], 4th, 13th, 19th, 24th, 
26th, 30th; [Locust Street], 4th, 13th, 24th, 26th, 30th; Blooming Grove, 
Ist, 4th, 12th, 16th, 17th, 18th, 19th, 2oth, 24th, 29th; Shingle House, 3d, 
12th, 17th, 23d, 24th, 25th, 26th; Somerset, 6th, 7th, 16th, 24th, 26th; 
Wellsboro, 3d, 12th, 18th, 25th; Lewisburg, 23d, 24th, 25th; Dyberry, 4th, 
12th, 18th, roth, 20th, 24th, 26th, 27th, 30th; Honesdale, 12th, 18th, 23d, 
27th, 29th; South Eaton, 2d, 3d, 4th, 12th, 18th, 24th, 25th. 

Frost.—Pittsburgh, 7th, 8th; Saegerstown, 5th; Uniontown, 7th; Selins 
Grove, 2d, 3d; Somerset, 6th, 7th; Dyberry, 5th, 7th, 8th; Honesdale, 7th, 
8th; Hamlinton, 7th, 8th, 

Hail.—Hollidaysburg, 17th, 18th, 22d, 23d; Emporium, 12th ; State Col- 
lege, 18th; Kennett Square, 14th; Phoenixville, 4th; Saegerstown, 24th; 
Kane, 12th; Smethport, 16th; Philadelphia [Centennial Avenue], 30th ; 
Blooming Grove, 16th ; Shingle House, 3d; Somerset, 16th ; Wellsboro, 12th; 
Dyberry, 30th; York, 4th, 12th. 

Solar Halo.— Philadelphia [Weather Bureau], 1gth ; [Centennial Avenue], 
i2th, 15th, roth. 
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AUGUST WEATHER. 


From United States Weather Bureau Records. 


The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 
conditions during that time, and also the range within which weather varia- 


tions may be expected to keep in any future August. 


Philadelphia. Pittsburgh, 

(23 years.) (23 years.) 
1874 1874 
Highest temperature recorded, . . . 99° 100° 

Lowest temperature recorded, 1° 45° 

Average date of last ‘‘killing’’ 

April gth April 27th 

Average precipitation (inches), . . 4°61 3°25 
Average number of os with ‘or 

Greatest monthly precipitation 12°49 7°26 
Least monthly precipitation ‘ 0°66 0°88 


5°21 
and 13th, 1873 


Average number clear x0 10 
Partl cloudy, 11 } 14 
10 7 
Prevailing direction of wind,. . . . sw | NW 
Highest velocity, miles per hour, . 55 36 


3°65 
21st and 22d, 1888 


Erie. 


(21 years.) 


70° 


1881 
73° 


1885 
66° 


° 
1887 


47° 
28th, 1887 


April 3<th 


13 


36 
| 2oth, 1891, 29th, 1893 
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PENNSYLVANIA STATE WEATHER SERVIGE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For JuLy, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, July 31, 1894. 


GENERAL REVIEW. 


The average temperature for July, 73°8, is 3°2 above the average [70° 6} 
for the last six years, and is 1°°8 above the highest average during that time. 

Extremely hot weather prevailed on the Ist, 19th, 20th, 28th and 29th, 
during which time the following high temperatures were recorded at the sta- 
tions named: Huntingdon, 103°; Lock Haven, 102°; Logania, to2°; Holli- 
daysburg, 101°; Hamburg, 101°; Blooming Grove, 101°; Carlisle, 100°; 
Wilkes-Barre, 100°; and Lewisburg, 100°. 

The coolest weather occurred on the 6th, 7th, 8th, 9th and roth, and the 
lowest temperatures recorded were: Lock Haven, 31°; Saegerstown, 35°; 
Kane, 38°; Smethport, 38°; Somerset, 38°; Huntingdon, 39°, and Greenville, 
39°. 

The extremely warm and dry weather, with high percentage of sunshine, 
was favorable for maturing wheat, harvesting and haying, but these condi- 
tions continuing throughout the entjre month, produced a general drought 
which was injurious to growing crops. 

From January 1, 1894, to July 31, 1894, the excess in temperature at 
Philadelphia was 464°; at Erie, 519°, and at Pittsburgh, 416°. 

For the same period the deficiency im precipitation at Philadelphia was 
2°28; Erie, 3°74, and Pittsburgh, 6°oo. 
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TEMPERATURE. 

Mean 

Mean Precipitation, 
Temperature. ches. 
72°°0 x45 


The means of the daily maximum and minimum temperatures, 86°0 and 
61°°6, respectively, give a monthly mean of*73°8, which is 1°°8 above the 
corresponding month of 1893. 

The average daily range was 24°'4. 

Highest monthly mean, 79°2 at Swarthmore. 

Lowest monthly mean, 67°’5 at Wellsboro. 

Highest temperature recorded during the month, 103° on the Igth at 
Huntingdon. 

Lowest temperature, 31° on the gth at Lock Haven. 

Greatest local monthly range, 72° at Lock Haven. 

Least local monthly range, 36° at Drifton. 

Greatest daily range, 54° at Lock Haven. 


PRECIPITATION, 


The average precipitation for the State, for the month, 2°32 inches, is 2°21 
inches less than the average [4°53] for the last six years. 

While showers were fairly numerous, they were light and badly distribu- 
ted, and only a few localities received enough to exempt them from the 
general drought. 

The largest monthly totals were Pottstown, 5°96; Coatesville, 4°61; Leba- 
non, 4°42; Grampian, 4°06; Kennett Square, 4:04; and Stoyestown, 3°91. 

The least were Easton, 0°53; Philadelphia [Centennial Avenue], 0 65; 
Beaver Dam, 0°65; Honesdale, 0°71; Wilkes-Barre, 0°74, and Philadelphia 
{Weather Bureau], 0°75. 


WIND AND WEATHER, 


The prevailing wind was from the West. 
Average number: rainy days, 7; clear days, 15; fair days, 11; cloudy 
days, 5. 
BAROMETER. 


The mean pressure for the month, 30°01, is about ‘o5 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°22 at Erie on the 26th, and Philadelphia on the 27th, and the lowest 29°73 
at Philadelphia on the 6th, 
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MISCELLANEOUS PHENOMENA. 


Thunder Storms.—Hollidaysburg, 20th, 23d; Quakertown, 1st, 6th, 21st, 
24th, 26th, 31st; Cassandria, 1st, 2d, 6th, 20th, 28th, 29th, 31st; Johnstown, 
2d, 14th, 28th, 29th; Emporium, tst, 20th, 29th; Mauch Chunk, 26th, 29th, 
30th ; State College, 20th, 28th ; West Chester, 6th, 16th, 21st, 28th; Coates- 
ville, 6th, 14th, 16th, 21st, 24th, 31st; Kennett Square, 6th, 16th, 21st; 
Phoenixville, 6th, 24th, 29th; Grampian, 2d, 20th; Lock Haven, 26th, 28th, 
29th; Bloomsburg, 13th, 23d, 26th; Saegerstown, 20th; Harrisburg, 6th, 
14th, 24th; Uniontown, 2d, 4th, 6th, 14th, 2oth, 21st, 29th, 30th; Lebanon, 
Ist, 6th, 17th, 24th, 29th; Coopersburg, 1st, 6th, 16th, 24th, 26th, 29th, 3!st; 
Kane, 13th, 15th, 20th, 23d, 29th ; Pottstown, 21st, 31st; Logania, 24th, 29th; 
Philadelphia {Weather Bureau], 16th, 17th, 21st; [Centennial Avenue], 6th, 
16th, 17th, 21st, 31st; Blooming Grove, 6th, 15th, 16th, 18th, 28th, 29th; 
Shingle House, 20th, 24th, 29th; Somerset, 14th, 20th, 21st; Lewisburg, 6th, 
2oth, 24th, 28th, 29th; Salem Corners, ist, 2d, 6th, 15th, 16th, 17th, 18th, 1gth, 
20th, 22d, 26th, 27th, 28th, 29th, 30th; South Eaton, rst, 6th, 2oth, 24th, 27th, 
29th; York, 6th, 14th, 16th, 26th, 29th. 

Hail.—Cassandria, 31st; Lock Haven, 23d, 26th; Somerset, 20th; York, 
16th. 

Frost.—Cassandria, 9th ; Lock Haven, oth ; Saegerstown, gth; Kane, gth ; 
Somerset, oth, roth. 

Aurora.—Edinboro, 7th. 

Solar Halo.— Philadelphia [Weather Bureau], 15th; [Centennial Avenue], 
3d, 30th; Wellsboro, 12th, 27th. 

Lunar Halo. —Cassandria, 11th; Philadelphia [Centennial Avenue], 15th. 
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SEPTEMBER WEATHER. 


From United States Weather Bureau Records. 


The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 


conditions during that time, and also the range within which weather varia-° 


tions may be expected to keep in any future September. 


Warmest September, 


Coldest September, ....... 
Average, 


Highest temperature recorded, 


Average date of first ‘‘killing’’ 


Average precipitation (inches), . 


Average number of we with ‘or 
inch or more, > 


Greatest monthly precipitation, . . 
~ 


Greatest amount in 24 hours, . .. . 


Average number clear days, . 
Partl cloudy, 


Prevailing direction of wind,. . . . 


Highest velocity, miles per hour, . 


Philadelphia, 
(23 years.) 


102° 


jth, 1881 


3°32 


SW 


5 
itth, 


4 
1889 


3 
3d, 1891, 25th, 1892 


Pittsburgh. Erie. 
(23 years.) (21 years.) 
65° 64° 
1881 188i 
73° 72° 
1871 18 8 
59° 59° 

tc2° 92 
sth and oth, 1881, 
6th, 188: 13th, 1887 
35° 37° 
25th, 1879 gth, 1888 


Oct, 21st Oct. 15th 
2°75 3°88 
10 12 
7°35 8°45 
1876 1876 
0°76 
1881 1893 
*38 3°40 
3876 2.st and 2ad, 18&2 
10 
3 12 
8 8 
| 
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r€th, 18:8 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For AUvuGusT, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, August 31, 1894. 


GENERAL REVIEW. 


The average temperature for August, 1894, 69°4, is the same as the 
average for the past six years. 

The highest recorded temperatures occurred on the Ist, 2d, 8th, and 24th, 
and were as follows: Huntingdon, 98°; Logania, 97°; Hollidaysburg, 97°; 
Selins Grove, 96°; Hamburg, 95°; Johnstown, 95° ; Saegerstown, 95°; Car- 
lisle, 95°, and Lewisburg, 95°. 

The lowest were on the 5th, 11th, 17th, 22d and 23d. Lock Haven, 32°; 
Wellsboro, 33°; Shingle House, 35°; Dyberry, 37°; Saegerstown, 38°, and 
Smethport, 39°. 

The drought which began in July continued throughout the entire month 
and seriously affected growing crops. Many small streams were dried up 
and the larger ones lower than for many years. 

From January 1, 1894, to August 31, 1894, the accumulated excess in 
daily mean temperature at Philadelphia was 428°; at Erie, 534°, and at Pitts- 
burgh, 512°. 

For the same period the deficiency in precipitation at Philadelphia was 
4°97; Erie, 6°53, and Pittsburgh, 8°97. 
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2 
TEMPERATURE, 
Mean 
Mean Precipitation, 
Temperature. Inches. 


The means of the daily maximum and minimum temperatures, 81°°4 and 
57°°4, respectively, give a monthly mean of 69%4, which is o°8 below the 
corresponding month of 1893. 

The average daily range was 240. 

Highest monthly mean, 74°0 at Pittsburg. 

Lowest monthly mean, 61°5 at Wellsboro. 

Highest temperature recorded during the month, 98° on the 2d at 
Huntingdon. 

Lowest temperature, 32° on the 12th and 22d at Lock Haven. 

Greatest local monthly range, 61° at Lock Haven. 

Least local monthly range, 31° at PAi/ade/phia [Weather Bureau]. 

Greatest daily range, 54° at Lock Haven. 


PRECIPITATION, 


The average precipitation for the State, for the month, 1°84 inches, is 3°06 
inches less than the average [4°90] for the last six years. 

The rains were light and local in character. A few localities only re- 
ceived an average, and many not enough to be of much benefit. 

The largest monthly totals were Lock Haven, 5°51; Chambersburg, 4°79; 
Lebanon, 4:17; Harrisburg, 4°08; Altoona, 3°18, and Smethport, 3°15. 

The least were Freeport, 0°17; Mahoning, 0°30; Elwood Junction, 0°39; 
Brookville, 0°40; Oil City, 0°41, and Pittsburg, 0°43. 

WIND AND WEATHER, 
The prevailing wind was from the West. 
Average number: rainy days, 6; clear days, 13; fair days, 12; cloudy 


days, 6. 
BAROMETER, 


The mean pressure for the month, 30°03, is about o'5 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°27 at Pittsburg on the 5th, and the lowest 29°74 at Erie on the 2d. 


MISCELLANEOUS PHENOMENA. 


Thunder Storms.—Hollidaysburg, 1st, 2d, 12th, 13th; Le Roy, 15th; 
Quakertown, st, 2d, 3d, 18th, 19th; Cassandria, 1st, 2d, 13th, 19th, 26th ; 
Johnstown, 13th, 19th, 26th; Emporium, rst, 15th; State College, 13th, 15th, 
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tgth; West Chester, 2d, 15th; Coatesville, 2d, 3d, goth, 15th, 19th; Kennett 
Square, 15th, 18th; Lock Haven, 1st, 9th, 13th, 15th, 19th; Bloomsburg, Ist, 
oth, 15th; Carlisle, 1st, roth; Harrisburg, 1st, 2d, 13th, roth; Uniontown, 
oth, 12th, 13th, 15th, 19th, 26th; Lancaster, 2d; Lebanon, 1st, gth, 15th, 
1gth, 20th ; Coopersburg, 1st, 2d, 13th, 15th, 20th; Wilkes-Barre, 2d, 13th, 
16th, 18th ; Easton, 1st, 2d, 13th, 15th, 19th; Aqueduct, 1st, 2d; Philadel- 
phia (Weather Bureau], 2d, 13th, 15th, 18th, 19th, 20th; [Centennial 
Avenue], 2d, 13th, 15th, 18th, roth, 20th; Blooming Grove, 2d, 15th, 18th, 
1gth; Shingle House, 1st, 2d; Somerset, 13th; Lewisburg, 13th; Dyberry, 
2d, 3d, oth, 15th, 18th, 19th, 20th ; Salem Corners, tst, 2d, 3d, oth, 13th, 15th, 
19th; South Eaton, tst, 2d, gth, 13th, 15th, 19th; York, rst, 2d, 15th, 18th. 

Hail.—Coatesville, 15th; Lock Haven, 1st, 13th, 15th, 19th; Shingle 
House, 2d; York, Ist. 

Frost.—Cassandria, 5th, 6th; Lock Haven, 12th, 13th, 22d ; Wilkes-Barre, 
21st; Shingle House, 11th; Somerset, 4th, 5th; Wellsboro, 6th, 11th, 17th, 
22d; Dyberry, roth, 

Aurora.—Pheenixville, gth. 

Solar Halo.— Philadelphia [Weather Bureau], 26th; [Centennial Ave- 
nue], 4th. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For SEPTEMBER, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 30, 1894. 


GENERAL REVIEW. 

The average temperature for September, 1894, 66°°6, is 4°°5 above the 
average (62°11) forthe past six years. ; 

The highest recorded temperatures occurred on the 2d, 3d, 1oth, 11th and 
sth, and were as follows: Saegerstown, 95°; Huntingdon, 94°, and 92° at 
ten stations. 

The lowest were on the 25th and 26th. Shingle House, 24°; Lock 
Haven, 26°; Smethport, 28°, and Wellsboro, 28°. 

The drought which began in July was broken September 8th, when gen- 
eral rains occurred, The effect of the drought on crops was very damaging 
in nearly all parts of the State. 

From January 1, 1894, to September 30, 1894, the accumulated excess in 
daily mean temperature at Philadelphia was 498°; at Erie, 673°, and at Pitts- 
burg, 635°. 

For the same period the deficiency in precipitation at aap: was 
3°29; Erie, 5"19, and Pittsburgh, 7°92. 
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The means of the daily maximum and minimum temperatures, 76°°8 and 
56°4, respectively, give a monthly mean of 66°6, which is 5°7 above the 
corresponding month of 1893. 

The average daily range was 20°'4. 

Highest monthly mean, 70°%o0 at Pittsburg and PAi/ade/phia [Weather 
Bureau}. 

Lowest monthly mean, 60°°6 at Wellsboro. 

Highest temperature recorded during the month, 95° on the 2d at 
Saegerstown. 

Lowest temperature, 24° on the 26th at Shingle House. 

Greatest local monthly range, 68° at Shingle House. 

Least local monthly range, 44° at Cassandria, Lancaster and Swarthmore. 

. Greatest daily range, 55° at Lock Haven. 


PRECIPITATION. 


Che average precipitation for the State, for the month, 6°30 inches, is 2°58 
inches more than the average [372] for the last six years. 

Excessive rains occurred at 24 stations. On the 8th, 3°20 inches fell in 40 
minutesat Bethlehem. On the 18th, at Smith’s Corner, 7°70 inches fell in 12 
hours, and 7°32 inches at Point Pleasant in 7 hours and 40 minutes. 

The largest monthly totals were: Clarion, 12°36; Smith's Corner, 11°61; 
Point Pleasant, 10°67; Parker’s Landing, 9°82; Carlisle, 9°45, and Brower's 
Lock, 9°27. 

The least were: Chambersburg, 2°82; Somerset, 3:12 ; Davis Island Dam, 
3°13; West Newton, 3°20; Confluence, 3°48, and Pittsburg, 3°68. 


WIND AND WEATHER, 


The prevailing wind was from the West. 

Average number: rainy days, 10; clear days, 10; fair days, 10; cloudy 
days, Io. 

BAROMETER, 

The mean pressure for the month, 30°09, is about ‘o1 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°55 at Philadelphia on the 13th, and the lowest 29°70 at Philadelphia on the 

" MISCELLANEOUS PHENOMENA. 

Thunder Storms.—Pittsburg, 7th, 9th, 13th; Hollidaysburg, 7th, 8th, oth, 
14th, 15th, 16th; Le Roy, §th, 8th, roth; Quakertown, 8th, roth, 16th, 18th; 
Cassandria, 7th, 8th, 9th, roth, 16th; Johnstown, 7th, 8th, gth, 14th, 16th, 30th; 
Emporium, 7th, 8th, roth, 15th, 16th; E. Mauch Chunk, 8th; State College, 
gth; West Chester, 8th, roth, 18th; Coatesville, 9th, woth, 16th, 18th; Ken- 
nett Square, 8th, oth; Westtown, 8th, roth, 19th; Grampian, 8th; Lock 
Haven, sth, 8th, 14th, 16th ; Saegerstown, 6th, 7th, roth, 12th, 15th ; Carlisle, 
8th, 17th, 18th; Harrisburg, 8th, oth, roth, 16th, 18th; Swarthmore, 8th, oth, 
16th; Uniontown, 6th, 7th, gth, roth, 14th, 16th, 19th ; Huntingdon, 8th, oth, 
a4th, 16th; Lancaster, 8th, roth, 16th ; Coopersburg, 8th, roth, 16th, 18th; 
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Wilkes-Barre, 8th, 13th, 16th, 19th; Pottstown, 8th, roth, 16th; Easton, 8th, 
gth, roth, 16th, 18th; Logania, 8th, oth, 16th, 18th; Philadelphia [Weather 
Bureau], 8th, oth, roth, 18th ; [Centennial Avenue], 8th, gth, roth ; Blooming 
Grove, 8th, roth, 14th, 16th ; Somerset, 7th ; Wellsboro, sth, 8th, roth, 15th, 
16th; Lewisburg, 8th, 18th; Dyberry, 8th, 16th; Hamlinton, 8th, roth, 16th; 
South Eaton, 8th, roth, 16th; York, 8th, gth, roth, 16th, 18th ; Lebanon, 8th, 
gth, roth, 16th. 

Hfail.—Cassandria, toth; Pottstown, 8th; Phcenixville, 8th. 

Frost.—Hollidaysburg, 26th; Le Roy, 26th; Quakertown, 26th; Cassan- 
dria, 12th, 25th, 26th ; Johnstown, 24th, 25th ; Emporium, 26th ; East Mauch 
Chunk, 26th; State College, 26th; Coatesville, 25th, 26th ; Grampian, 12th, 
26th; Lock Haven, 12th, 24th, 25th, 26th ; Saegerstown, 26th; Carlisle, 26th ; 
Harrisburg, 26th; Edinboro, 26th; Uniontown, 25th; Huntingdon, 25th, 
26th ; Coopersburg, 12th, 26th; Drifton, 26th; Wilkes-Barre, 27th; Kane, 
26th ; Smethport, 25th; Logania, 26th; Blooming Grove, 25th, 26th ; Shingle 
House, 12th, 26th; Selins Grove, 26th; Somerset, 25th, 26th, 30th; Wells- 
boro, 12th, 26th; Lewisburg, 26th; Dyberry, 12th, 13th, 25th, 26th; Hones- 
dale, 26th; Hamilton, 26th ; South Eaton, 26th; York, 26th; Phcenixville, 
26th; Lebanon, 12th, 26th; Greenville, 26th. 

Aurora.—Le Roy, 21st; Kane, 14th. 

Solar Halo.— Philadelphia [Weather Bureau], 26th; [Centennial Ave- 
nue], 26th; Wellsboro, 18th. 

Lunar Halo.— Philadelphia [Centennial Avenue], 11th ; Wellsboro, 17th. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For OcToBeR, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 31, 1894. 


GENERAL REVIEW. 

The average temperature for October, 1894, 53°°6, is 4°°0 above the 
average [49°°6] forthe past six years. 

The highest recorded temperatures occurred on the Ist, 2d, 3d, 19th, 20th 
and 21st, and were as follows: Lock Haven, 88°; Chambersburg, 84°; 
Coatesville, 83°; Carlisle, 83°, and York, 83°. 

The lowest were on the 12th, 15th, 16th, 18th, and roth. Shingle House, 
24°; Wellsboro, 24°; Saegerstown, 25°; Dyberry, 25°; Hollidaysburg, 26° 
Smethport, 26°; Selins Grove, 26°, and Somerset, 26°. 

From January 1, 1894, to October 31, 1894, the accumulated excess in 
daily mean temperature at Philadelphia was 521°; at Erie, 762°, and at Pitts- 
burg, 673°. 

For the same period the deficiency in precipitation at Philadelphia was 
1°57; Erie, 4°17, and Pittsburgh, 8°83. 
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The means of the daily maximum and minimum temperatures, 63°°4 and 
43°°8, respectively, give a monthly mean of 53°6, which is 0°8 above the 
corresponding month of 1893. 

The average daily range was 19°°6. 

Highest monthly mean, 57°°6 at Philadelphia [Centennial Avenue]. 

Lowest monthly mean, 48°°3 at Wellsboro. 

Highest temperature recorded during the month, 88° on the Ist at 
Lock Haven. 

Lowest temperature, 24° on the 18th and 19th at Shingle House, and on 
the 15th at Wellsboro. 

Greatest local monthly range, 58° at Somerset. 

Least local monthly range, 37° at Easton. 

Greatest daily range, 56° at Shingle House. 


PRECIPITATION, 


Che average precipitation for the State, for the month, 4°26 inches, is 0°78 
inches more than the average [3°48] for the last six years. 

General rains occurred on the 4th, 5th, roth, 13th, 24th, 25th, and 31st. 

Excessive rains occurred at 11 stations on the 1oth. Cassandria reported 
30 inches of snowfall, and Grampian ro inch. Several stations reported a 
trace, 

The largest monthly totals of rainfall were: Girardville, 7°66; Seisholtz- 
ville, 7°48; Mauch Chunk, 7°06; South Eaton, 6°50; Blooming Grove, 6°42, 
and Reading, 6°40. 

The least were: Greenville, 0°65; Lock No. 4, 1°36; Beaver Dam, 1°65 ; 
Pittsburg, 1°72; Altoona, 1°77, and West Newton, 1°82. 


WIND AND WEATHER. 


The prevailing wind was from the West. 
Average number: rainy days, 9; clear days, 12; fair days, 8; cloudy 
days, II. 


BAROMETER, 


The mean pressure for the month, 30°00, is about ‘o7 below the normal, 
At the United States Weather Bureau Stations, the highest observed was 
30°38 at Harrisburg on the 12th, and the lowest 29°13 at Philadelphia on the 
roth. 


MISCELLANEOUS PHENOMENA, 


Thunder Storms.—Hollidaysburg, 13th; Cassandria, 13th; Johnstown, 
13th; Emporium, 13th, 24th; Mauch Chunk, 4th; State College, 24th; West 
Chester, 4th; Coatesville, 31st; Kennett Square, 31st; Lock Haven, 4th, 
24th; Carlisle, 3d, 4th, 13th; Harrisburg, 3d; Uniontown, 22d; Easton, 3d; 
Blooming Grove, 3d; Shingle House, 23d; Somerset, 24th; Dyberry, 3d; 
Hamlinton, 3d; York,24th; Lebanon, 3d; Phoenixville, 31st; Lewisburg, 3d, 
4th, 13th. 
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Hail.—Cassandria, 13th ; Johnstown, 14th; Emporium, 13th; Grampian, 
13th; Lock Haven, 13th; Coopersburg, 14th; Greenville, 13th; Logania, 
13th; Shingle House, 13th, 31st; Wellsboro, 13th; York, 13th, 14th. 

Snow.—Hollidaysburg, 14th; Le Roy, 14th; Towanda, 14th; Cassandria, 
14th ; Johnstown, 14th; Emporium, 14th ; Grampian, 14th; Saegerstown, 14th, 
15th; Smethport, 14th; Blooming Grove, 14th; Shingle House, 14th; 
Dyberry, 14th. 

Frost.—Pittsburg, 7th, 9th, 12th, 15th; Hollidaysburg, 7th, 12th, 15th, 
16th, 18th, roth; Le Roy, 14th, 15th; Towanda, 2d, 7th, 15th, 16th, 18th, 
19th; Quakertown, 7th, 12th, 16th, 19th ; Cassandria, 2d, 6th, 7th, 8th, 12th, 
15th, 18th, 19th, 28th ; Johnstown, 7th, 11th, 15th, 16th, 18th, 19th ; Emporium, 
12th, 18th, roth, 29th; Mauch Chunk, 12th, 19th; State College, 6th, 12th, 
15th, 19th; West Chester, 12th, 15th ; Coatesville, 7th, 12th, 14th, 15th, 16th, 
19th; Kennett Square, 7th, 12th, 15th, 16th; Westtown, 12th, 15th, 16th, 
19th; Grampian, 7th, 19th; Lock Haven, Ist, 2d, 6th, 7th, 8th, gth, roth, 
12th, 13th, 14th, rsth, 16th, 17th, 18th, 19th; Saegerstown, 15th, 16th; 
Carlisle, 12th, 15th; Harrisburg, 2d, 7th, 12th, 15th, 16th, 18th, 19th, 28th; 
Edinboro, 7th, 18th ; Uniontown, 7th, oth, 11th, 18th, 19th, 26th; Huntingdon, 
2th, 15th, 16th, 18th; Coopersburg, 7th, 19th, 28th; Wilkes-Barre, 29th; 
Greenville, 7th, 15th, 18th, 26th; Pottstown, 12th, 16th; Easton, 7th, 15th, 
16th ; Philadelphia [Weather Bureau], 12th, 15th, 16th ; [Centennial Avenue], 
12th, 15th; Shingle House, 18th; Selins Grove, 2d, 6th, 7th, 8th, gth, roth, 
14th ; Somerset, 6th, 11th, 14th, 15th, 16th, 17th, 18th, 24th, 26th; Wellsboro, 
2d, 7th, 12th, 14th, 15th, 29th; Dyberry, 2d, 7th, 8th, oth, 12th, 16th, 18th, roth, 
28th ; Honesdale, 3d, 6th; Hamlinton, 15th, 18th, 19th, 28th; South Eaton» 
7th, 12th, 15th, 16th, roth, 28th; York, 2d, 7th, 12th, roth, 28th; Lancaster, 
6th, 7th, 12th, 15th, 28th; Lebanon, 12th, 15th, 16th, 18th; Phoenixville, 7th, 
15th, 16th; Lewisburg, 11th, 12th, 14th. 

Sleet.—Wellsboro, 13th. 

Corone.—Saegerstown, gth; Lebanon, 18th. 

Solar Halo.— Philadelphia [Centennial Avenue], 19th. 

Meteors—Emporium, 28th. 
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PRECIPITATION DURING 


Delaware Basin. | | 
Coopersburg, ‘ox ++ 2°44). “59 | “or “or 75 “41 | “ox ©3| 5°62 
Forks of Neshaminy, “44 az} °96/. .| 12 "05 | 1°30, 5°38 
Honesdale, ..... |. . | 03 | ‘oa “4: *o2 | | | ‘03 “42 | «| 5°64 
Mauch Chunk, ... |. | 996 | 3°46). . | . |. 7°06 
Philadelphia, at . «| | or | 'SS|. ‘07 1°21) 4°66 
uakertown, 2 *61 | *06 | | ol. | 1°38 | *B4 | 5°80 
(Salem Corners) | 
Hamlinton, .... 06 . | . | °34 | 37 | "23 | 518 
Smith’sCorner, ... «|. 49 | 88) | 105) 5°23 |} 
Lancaster,...... "Bo | . als gt tax). . 6S | 5°36 || 
< « "04 ‘08 | 22 |1°80) | "19 |. 1°24| "24 | ‘or §*29 || 
Lewisburg, ..... 74 | 08 1°57) *37 | > 1°41) | 
Lock Haven, ... ./| ‘42 "yo | 02 | | 06) 48 | 1°66/ 06). 1°05, 5°7 
South Eaton, ... of 93 | | x*22| 6°50 | 
State College, ....|.. «| CFP | | | | *47 | | 02 | "99 | 3°34 


" $U.S. Weather Bureau Stations. *Missing, 2Total rainfall for goth and 31st. { Total rainfall from aad to asth, inclusive, Total rainfall from agth to 31st, inclusive. 
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PRECIPITATION DURING OCTOBER, 1894. 
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| ||\Ohio Basin. 
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TRAUTWINE’S POCKET BOOK 


“ Without doubt it has proved itself to be the most useful hand- 
book in the language for the engineering profession.” — Engin- 
cering and Mining Fournal, August 25, 1888. 


E. & F. N. Spon, London. 
Joun Witey & Sons, New York. 


CRITERION and PARABOLON MIA CIC LANTERNS 


“nt and Stereopticons, Oil, Lime, or Electric Light, Views illustrating 
iam World's Fair, Roman and Medieval Art, Scripture, Temperance and 
: pen of other subjects for profitable public lectures or private 


A NEW 


For use on low tension, continuous current 


NOW READY. 


Correspondence Solicited. 


BAKER & CO., 


GOLD, SILVER AND PLATINUM REFINERS, 


408, 410, 412 & 414 NEW JERSEY R. R. AVENUE, NEWARK, N. J. 
* New YORK OFFICE, 121 LIBERTY STREET. 


PLATINUM, 


in Sheet or Wire, any size or degree of hardness for al! purposes. 


PLATINUM ware. 


Manufactured Ware of all Kinds, for Laboratory and Chemical Purposes. 


Stills, Crucibles, Dishes, Bottles, 
Triangles, Foil, Tubing, Gauze, Etc. 
Crucible Tongs and Tweezers tipped with Platinum. 
Metallic Iridium, Palladium, Osmium, 
Ruthenium and Rhodium. 


a@ SEND FOR PAMPHLET, “DATA CONCERNING PLATINUM, ETC.” 
e@iN@ COMTAIMING GOLD, SILVER OR PLATINUM, EITHER REFINED OR PURCHASED 
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EDSON’'S 


mY) Pressure Recording and Alarm Gauges, 


For Recording Steam, Water, Gas, Air, Oil, Ammonia, 
Blast- Furnace and Pipe Line Pressure. 


This instrument gives a record of the pressure carried for the 
24 hours, each hour being printed on the chart, ruled to the 
special scale of the instrument. The portion of chart traced 
upon is removed daily and placed in an album, found very use- 
ful for future reference. Thousands in constant use in all 

rts of the world. Over 20 — in successful operation. ‘It 
is one of the essentials that often saves enough to pay the divi- 
dend.”’ Address, 


JARVIS B. EDSON, 
87 LIBERTY ST., NEW YORK, N. Y. 


GEORGE BARNETT. HENRY BARNETT, 


G. & H. BARNETT, 
BLACK DIAMOND FILE WORKS 


JOURNAL 


OF THE 


Association of Engineering Societies, 


Contains the papers and proceedings of nine Engineering and Techni- 
cal Societies, viz.: 


BOSTON. KANSAS CITY. ST. LOUIS. 
CHICAGO. MINNEAPOLIS. ST. PAUL. 
CLEVELAND. MONTANA, WISCONSIN, 


And a valuable Index of Current Technical Literature. 


$3.00 PER YEAR, 30 CENTS PER NUMBER. 


PUBLISHED MONTHLY BY 
THE BOARD OF MANAGERS OF THE ASSOCIATION OF 
ENGINEERING SOCIETIES. 


Joun C. TRAUTWINE, JR., Secretary, 419 Locust STREET, PHILADELPHIA. 
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BEMENT, MILES & CO. 


Successors to 


W. B. BEMENT & SON and THE MACHINE TOOL WORKS, 


PHILADELPHIA, 


MANUFACTURERS OF 


Metal Working 


Machine Tools 


* of all descriptions, and a great 
number of sizes, including 


Lathes, Planers, Drills, Shapers, Slot- 
ters, Milling and Boring Machines, 
Steam Hammers, Steam and Hydraulic 
Riveters, Cranes, Punches, Shears, 
Bending Rolls, Plate Planers, Ete., Ete. 


GOULD & EBERHARDT 


N. J. R. R. AVE. 


GREEN AND BRUEN STS, 
NEWARK, N. J. 


SHAPERS 


50 to 100 Per cent. more 
stroke given over any 
other make on the 
market. 


PROMPT SHIPMENT ON ALL SIZES, 


Cut represents 16”, 20’ and 24’ strokes. 


“Double Triple Quick 


(TRADE MARE.) 
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Southwark Foundry and Machine Co. 


PHILADELPHIA, PENNA. 


CHICAGO, 554 Rooter 
ST, LOUIS, 32 Laclede 


SOLE MAKERS OF THE 


PORTER-ALLEN AUTOMATIC ENGINE. 


Simple, Compound or Triple Expansion. 
HIGH ECONOMY. CLOSE REGULATION. 
ALSO BUILDERS OF 
BLOWING ENGINES, REVERSING ENGINES, WATER WORKS PUMPS, 
CENTRIFUGAL PUMPS, BOILERS, TANKS, ETC. 


The Indispensable Lathe Dog 
DROP FORGED FROM BAR STEEL. 


ONE SET OF THREE, INCLUDING Nos.1, 2 and 
3, WILL DO THE WORK OF FROM TEN 
TO TWELVE ORDINARY DOGS. 


to Linch, price, each, 


ety No. 1 for General Lathe Work takes from \ to % 
4 inch, price, each, 
‘ 2 for General Late Work takes from 3% 23 
inch, price, each, 
‘ $ for General Lathe Work takes from 1 to ‘le 
inch, price, each, 3 
Price, per set of three, including Nos, 1, 2 and 3, 
‘taking from 4 to 3% inches, 


PALMER, CUNNINGHAM & CO,, Limited, 607 Market St, Pili Pa, 


SKINNER CHUCKS 


Independent and Universal 
Chucks Combination Lathe 
Chucks with patent reversible 
Jaws, Drill Chucks, Planer 
Chucks and Face Plate Jaws. 
SKINNER CHUCK CO. 


Send for Catalogue. New Britain, Conn. 
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Wm. Sellers & Co. 


INCORPORATED. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


Machine Tools for Working Iron and Steel, 


PLANERS, DRILLING AND BORING MACHINES, LATHES, ETC. 


Steam and Hydraulic Riveters, Steam 


Hammers, 


PUNCHING AND SHEARING MACHINES, BENDING ROLLS, PLATE 
PLANERS, ETC. 


Improved High Speed Travelling Cranes. 
POWER SWING CRANES. 


Turn-Tables. 


Shafting, Pulleys, Hangers, Etc., Etc. 


Injectors for Locomotive, Stationary and 


Marine Boilers. 


Improved Testing Machines, 


UNDER PATENTS OF A. H. EMERY. 


GRAND PRIZE, PARIS, 1889. 
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FRANKLIN INSTITUTE DRAWING SCHOOL. 


Mechanical, Architectural and Free-hand Drawing. 
EVENING CLASSES ONLY. 


CIRCULARS FOR NEXT TERM NOW READY 
Apply to the Actuary, 15 S. Seventh St., Phila. 


THE STEVENS INSTITUTE OF TECHNOLOGY. 


School of Mechanical Engineering. 
Founded by the late Edwin A. Stevens, at Hoboken, N. J. 


—FACU LTY— 


“ese eee 


‘HARLES W. MacCORD A. Professor of 


i Oe Professor of Experimental Mechanics and Shop Work. 
THOMAS B, STILLMAN, Ph. Professor of Analytical 
ADAM RIESENBERGER, M.E.,..........0.-- Instructor in Mechanical Drawi 
DAVID S. {Aco Instructor in Experimental Mechanics and Shop W 


The Course of the Stevens InstiTuTE is of four years’ duration, and covers all 
that appertains to the profession of a Mechanical Engineer. By means of workshops 
provided with excellent machinery, Physical Laboratories whose appointments are 
without an equal, and with the finest Cabinets of Instruments, every opportunity for 
the acquisition of thorough and practical knowledge is afforded. 


For further particulars, address the President, 
H. MORTON, Hoboken, N. J. 


\ T > aR FROM | TO 40,000 POUNDS WEIGHT. 
Of Open Hearth, Chester or Bessemer 
Steel. 
True to Pattern. Sound. Solid. 


A Gearing of all Kinds, Crank Shafts, 
Knuckles for Car Couplers. 
Cross-Heads, Roskers, Piston-Heads, ete., for Locomotives. 


Steel Castings of Every Description. 


CHESTER STEEL CASTINGS CO. 


WORKS CHESTER PA. OFFICE 407 LIBRARY ST. PHILA. PA. 


SENRY MORTON, Ph. President. 
DE VOLSON WOOD. A.M. Professor of Mechanical Engineering. 
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Spencer Automatic Damper Regulator 


which has received the 


John Scott Legacy 
) Medal and Premium, 
f the Highest Award for 
DAMPER REGULATORS, 


from 


The Franklin Institute, 
PHILA., PA. 


Patented September 29, 1885; March 23, 1886; August 2, 1893. 
Patent sustained by United States Court, 


Unlike any Regulator yet produced. It operates the Damper by water 
pressure only, and is guaranteed to work on a partial stroke and closer to 
varying steam pressures than any other Regulator now on the market. 


MANUFACTURED BY SMART & SPENCER, 
SALEM, MASS. 


D. W. FIELD, GENERAL AGENT, 


MASTER BUILDERS’ EXCHANGE, SOUTH SEVENTH STREET, PHILA. 


GEO. CRESSON CO. 
POWER 


8th St. and Allegheny Ave. 
PHILADELPHIA, PA. 


NEW YORK OFFICE, 
136 LIBERTY STREET. 


 SHAFTING, 
MACHINE MOULDED 


AND 


CUT GEARING, 
ROPE WHEELS, 
FRICTION CLUTCHES, 
VERTICAL SHAFTING. 
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A BOOK THAT SHOULD BE IN EVERY LIBRARY. 


IRRIGATION WORKS 


INDIA AND EGYPT. 


BY ROBERT BURTON BUCKLEY, M. INST. C. E. 
Superintending Engineer Indian Public Works Department. 


CONTENTS. 


FRontispigce.—Large colored map showing the River Basins and Irrigation Works of 
India, Chapter [. -General and Descriptive. Necessity for Irrigation in the Tropics ; Mechan- 
ical Methods of Irrigation ; Tanks and Reservoirs; Inundation Canals in India and pada 
Perennial Canals; with ten plates. Chapter [l.—Inundation Canals in India and pt. 
Heads of Inundation Canals; Lift Irrigation ou Inundation Canals; Superiority of River 
Water to that of Wells; The Basin System ; with three plates. Chapter III.—Silt. Nature of 
Silt; Proportion of Silt in different Rivers; Silt Deposits in Canals; Flushing out Silt in Canals of 
Upper India; Brick and Stone Groynes to prevent Silt; Silting checked by Uniferm Velocity, 
and one plate. Chapter IV.—Flow-off from Catchment Areas, Evaporation, Absorption. 
Necessity for Reservoirs; Maximum Discharges from Catchments; Flow-off dependent on 
Condition of Catchment; Loss by Evaporation and Absorption. Chapter V.—Storage Works, 
Reservoirs, Tanks. Madras Tanks; Cross Sections of Various High Masonry Dams; Under- 
sluices ; Waste Weirs; Head works; Earthen Embankments; Grass Revetments ; Failure of 
Embankments, with eleven plates. Chapter] VI.—Perennial Canals in Deltaic Tracts, Embank- 
ments. Formation of Deltas; Decrease in Waterway in Deltaic Streams; Embankments neces- 
sary in Deltaic Projects; Limits to Embankments in Deltas; Increase in Flood Levels due to 
Embankments ; Deltaic Tracts at confluence of Rivers; Drainage essential in Deltaic vaaeenees 
Embankments in Deltaic Tracts; Damage due to Embankments; Effect of Embankments in in- 
creasing or decreasing Discharge ; D' vantages of Embankments, with two plates. Chapter 
Navure of Head-works. Purposes of Head- works; Oblique Weirs and those at 
Right Angles to the Axis of the Stream ; Head-worksin Deltaic Tracts; Old Weirs; Danger to 
River Weirs ; Onward Flow of the Materials forming the Bed of a River; Increase of Level of 
River Beds above Weirs; Sluices inefficient to check Deposits above Weirs ; Currents ina River 
Bed above a Weir; Retrogression of Levels. Chapter VIII.—Headworks in Rock and Bould- 
ers. Indian Canals, Head-works, Sluices and Weirs, with eight plates. Chapter IX.—Head- 
works in Clay and Coarse Sand. Weirs in Deep Sand, with e need poe Chapter X.—Head- 
works in Fine Sand and Sandy Mud. Weirs in fine Micaceous Sand ; Comparison of Deep and 
Shallow Foundations: Percolation below Weirs ; Cost of Indian Head-works, with one plate, 
Chapter XI.—Gates of Under-sluices and Waste Weirs. Movable Dams. Principles of the Con- 
struction of River Weirs ; Central Sluices in a Weir of Doubtful Value ; Size of Under sluices ; 
Baulks and Needles in Under-sluices ; French Shutters ; Hydraulic Break Shutters ; Fouracres’ 
Double Tumbler Shutter; Movable Dam ; Under-sluice Gates; Automatic Waste Weir Gates, 
with eight plates. Chapter XII.—Regulators, Head-sluices, Escapes, Canal Falls, Weirs, 
Bridges. Head-sluices or ulators; Head-sluices liable to be *‘ blown up”; Head-sluice 
Shutters; Regulation by Needles; The Egyptian System of “ verticals” and ‘ horizontals”; 
Escapes: Pooling below — and methods for preventing it; Canal Falls or Weirs; Im- 
poanees Water in Canal Reaches; Notch Falls; Canal Bridges, with eighteen plates. Chapter 

III.—Cross Drainage Works, Super-passages, Aqueducts. Drainage crossing Canals; Inlets 
and Escapes; Danger of Canal being blocked; Syphon Aqueducts; Velocities in Syphons; Diffi- 
culties connected with Syphons in Flat Drainages with seven plates. Chapter X1V.— Naviga- 
tion, Locks. Canals for Navigation; Silting in Tidal Canals; Canals for both Irrigation and 
Navigation ; Relative Position of Lock and Weir; Cracking of Lock Walls; Anjohn’s Theory of 
Settlement of Foundations; Pressures on Lock Walls; Width of Base of Lock Walls: Lock Gates 
and their Fittings, with thirteen plates. Chapter XV.—Duty of Water. Definition of the 
“Duty” of Water. Chapter XVI.—The Alignment of Canals and Distributaries. Design of 
Channels. Velocity to be allowed in Canals; Dimensions of Canals; Best Forms of Channel ; 
Canals in Side-long Ground ; Retaining Walls; Discharging Capacity of Distributaries ; Cost of 
Distributaries per mile and per acre Irrigable ; Outlets from Distributaries. with two plates. 
Chapter XVII.—Revenue and Administration. Chapter XVII1.—Cost of Indian Irrigation 
Works, and the Financial and Agricultural Results obtained from them, and twelve appendices. 


LARGE 8VO. PROFUSELY ILLUSTRATED. CLOTH, $25.00. 


DESCRIPTIVE CIRCULARS ON APPLICATION. 


SPON & CHAMBERLAIN, 


PUBLISHERS OF SCIENTIFIC AND INDUSTRIAL BOOKS, 
12 CORTLANDT STREET, NEW YORK. 


Special Terms to Librari 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


—— OF —— 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed, 


Printing also in German, French, Spanish or Italian 


TRANSLATION.) 


EDWARD STERN & CO. 


(INCORPORATED.) 
BOOK, NEWSPAPER AND JOB PRINTERS, 


112 and 114 NORTH TWELFTH STREET. PHILADELPHIA. 


THE TANITE CO. 


ESTABLISHED IN 1867. 


EMERY, SOLID EMERY WHEELS, 
GRINDING MACHINES, 
POLISHES, ETC. 


STROUDSBURG, MONROE CO., PA. 


NEW YORK, 161 WASHINGTON STREET. 
CINCINNATI, 1 WEST PEARL STREET. 


ELEVATORS, 


PASSENGER AND FREIGHT 
FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


Hoieting Machinery for Iron Furnaces, Mines, Inclined Planes, 
PORTABLE HOISTS, AND ALL EINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, FHILADELPHIA. 
New York Office: 18 Cortlandt St. Works: 30th & Chestnut Sts., Philadelphia. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRANKLIN lnstiTuTE the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 

1. Any resident of North America, or of the West India Islands, may be a com. 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results; 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-five, will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-five, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INSTITUTE shall decide whether the Premium shall] be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 

5. Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INsTITUTE, and shall be published as it may direct. 

Norg.—The sealed envelopes provided for in condition No, 4, which may accom. 


pany unsuccessful me no.rs, will be destroyed unopened, in the presence of the Board 
of Managers. 
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THE 


STANDARD 


STEEL WORKS. 


my Locomotive and Car 
Wheel Tires, 


PA. 
METAL. PLATE ENGRAVINGS 


— FoR —— 


Scientific, Artistic and Commercial Illustration, 


EXECUTED FROM 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


CoO. 
7th and Chestnut Sts., Philadelphia. 


J. G. BRILL. GEO. M. BRILL, JAMES RAWLE, 


PHILADELPHIA CAR WORKS. 
J. G. Brill & Co., Car Builders 
Philadelphia. 
Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 
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THE LANE & BODLEY Co. 
CINCINNATI, 


Manufacturers of 


Corliss Automatic 


Of all sizes. Strictly 
first-class in every 
respect. 
Shafting, Hangers 
and Pulleys. 
Complete Steam 
Plants. 
SAW MILL MACHINERY. Correspondence Solicited. 


DOUBLE TUBE INJECTOR 


ry The most Complete and Reliable Boiler-Feeder known. 
eo No adjustment required for varying steam pressure. 
Operated entirely by one handle. 
» Will take hot water 
water hia up to 150 deg. Fahr, 


25 feet. 
Send for Catalogues 
— of Blowers and Ven- 
tilators and Air Com- 
desorip- KORTINGS) and Ex- 
logue. SSS a for all 
purpos- 


Siphon Pumps for 


lifting Exhaust Steam Induction Condensers 
ter and other liquids for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA, 


CYRUS eens SUCCESSOR TO 
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Established 1828. Incorporated 1876. 


MORRIS CO. 
Port Richmond Iron Works, 


PHILADELPHIA, 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 


Heavy Machinery a Specialty. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
.. Assay Balances, 
Analytical Balances, 


Chamical Balonios. Fine Weights, &c., &c. 


4ae-Price List on Application.-“@s 


Washing and Testing 
Boilers with Hot Water. 


INJECTORS AND JET APPARATUS. 
Rue M’fg Co., Philadelphia, Pa. 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD & COMPANY4 


Twenty-Second and Wood Sts. 


PHILADELPHIA. 


SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels any size required for Hemp, Manila and Cotton 
Rope Driving. 


Machinery for weaving, beaming, warping, winding, spool- 
ing, reeling, dyeing, sizing, calendering, fulling, scouring, &c. 
Also, power hoisters or elevators. 


Morse Elevator Works. 30 
MORSE, WILLIAMS & CO. Wir 


Manufacturers and Builders of 


Electric, PL Belt and Hand-Power 
Passenger and Freight 


ELEVATORS 


Office: { "95 Frankford Ave., one | Works: { Frankford Ave. * Wildey 


Square bel. Girard Ave. and Shackamaxon Sts. 


PHILADELPHIA, PA. 
108 Liberty Street, New York. 33 Lincoln Street, Boston. 
82 Church Street, New Haven. 1116 E St., N. W., Washington, D. C. 


J. E. LONERGAN & CO. 


211 RACE STREET, 
—— Manufacturers of —— 


Patent Oilers, Lubricators & Pop Safety Valves 


Railroad, Machinists’, Mill Supplies, 
and Brass Castings. 
Catalogue free on application 
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ORGANIZED, 1866. 


THOROUCH INSPECTION. 


insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 


OR AT ANY AGENCY, 


J, M. ALLEN, Pres. W. B. FRANKLIN, V. Pres. FRANCIS B. ALLEN, 2d V. Pres. J. B. PIERCE, Sect. 


BOARD OF DIRECTORS. 


J. M. ALLEN, President. Hon. HENRY C. ROBINSON, Attorney-at-Law, 
FRANK W. CHENEY, zaeen. Cheney Bros.’ Hartford, Conn 
Silk Manufacturin Hon. FRANCIS B. COOLEY, of the National 
CHARLES M. BEAC tof Beach & Co. Exchange Bank, Hartford, Conn. 
DANIEL PHILLIPS, of Adams Ex press Co. EDMUND A. STEDMAN, Treasurer of the 
RICHARD W. H. JARVIS, Pres. rColt's Fire | Fidelity Company of Hartford, Conn. 
Arms Manufacturing Co. | GEORGE BURNUAM. Baldwin Locomotive 
THOS. O. ENDERS, Pres, United States Bank. Works, Philadel phia. 
LEVERETT BRAINARD, of The Case, Lock- | Hon. NATHANIEL SHIPMAN, Judge, U.S. 
wood & Brainard Co. Circuit Court 
Gren. WM. B. FRANKLIN, late U. 8S. Commis- | C. C. yg Pres. Smyth Mfg. Co., Hart- 
sioner to the Paris Exposition. 


for 
NELSON HOLLISTER, of State Bank, Hart- PHILLIE™ CORBIN, of P. & F. Corbin, New 


ford Britain, Conn. 
GENERAL AGENTS. OFFICES. 

THEO. H. BABCOCK, New York City, Office, 285 Broadway. 

CORBIN & GOODRICH, Philadelphia. 432 Walnut Street. 

ston, MAss., a it. 

C. E. ROBERTS, Providence, R. L, oe 29 Weybosset St. 

H. M. LEMON, Chicago, Il., ” 112 Quincy Street. 

Cc. C. GARDINER, St. Louis, Mo., * 404 Market Street, 

L. B. PERKINS Hartford, Conn., Main Street, 


W. G. LINEBURGH & SON 
BURWELL & BRIGGS, 
MANN & WILSON, 
ZOLLARS & McGREW, 

R. F. MANLY, 

W. 8. HASTIE & SON, 
‘PETER F. PESCUD. 


Bridgeport, Conn., 
Cleveland, Ohio, 


San Francisco, Cal., 


Denver, Col., 
Birmingham. Ala., 
Charleston, 8. C. 
New Orleans, La. 


2 Sanford 
208 Superior Street, 
306 Sansome Street, 
Mining Ex. B'l’g. 
Morris Building, 
44 Broad Street. 
188 Gravier St. 
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GASOLINE 
CHEAPER THAN STEAM, 


No Boiler. No Steam, 
Unexcelled for running Wont 
Machinery. 


> Tools, Printing Presses, or any kind of 
V, OTTO GASOLINE ENGINES 
Stationary or Portable. 
1 to 50 H. P. 8 to 20 H. P. 


OWER FROM GAS 
TOWN 8 PRODUCER GAS. 


Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
according to quality of Gas and size of Engine 

Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to be done. 


OTTO GAS ENGINE WORKS, 
33d and Walnut Sts., Philadelphia. 


JACOB NAYLOR, 
PEOPLE’S WORKS, 


GIRARD AVE. AND FRONT ST. 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 


Shafting and Gearing, Couplings, Pulleys and Hangers. 
STEAM AND HAND ORANES AND HOISTING MACHINERY. 


GENERAL AND SPECIAL MACHINERY 


The Rider Patent Automatic Cut-off Engine. 


General Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR. 
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Machines for use by Bridge, 
table Engine and Boller Makers. 


Machi for Wood Boring : 
Portable Polishing ont Emery Whee 
Grinding. 


Ce, 


26th, CALLOWHILL & BIDDLE STS. 
PHILADELPHIA, PA. 


Burk & McFetridge Co. 


Printers, 


Lithographers and Publishers 


306 and 308 Chestnut Street, 


Philadelphia. 


Publishers of «« TRAFFIC.”’ 
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——~THE 


United Gas Improvement 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President. 
SAM’L T. BODINE, 2d Vice-President and Gen’] Manager 
RANDAL MORGAN, 3d Vice-President. 
EDWARD C. LEE, Sec’y and Treasurer. 
WALTON CLARK, Gen’! Sup’t. 


LEWIS LILLIE, Comptroller. 


GEORGE PHILLER, 
WM. G. WARDEN, 
A. GRISCOM. 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 


DIREOTORS : ae 
W. L. ELKINS, tq 
P. A. B, WIDENER, 
W. W. GIBBS, 
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FRED’K A. GENTH, JR., 
CONSULTING AND ANALYTICAL CHEMIST, 


103 N. FRONT ST., PHILA., PA. 


WHITMAN & WILKINSON, 
Patent Lauiyers, 


930 F STREET, WASHINGTON, D. C. 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. E. M.A. 8. M. E. 


Consulting Engineer, 


SWARTHMORE, PA. 


W. F. DURFEE, 
CONSULTING ENGINEER, 


AND EXPERT IN PATENT CAUSES. 
Mail Address: 


77 Jewett Ave., West New Brighton, Staten Island, N. Y. 


lelegraph and Kail oad Station : 


Port Richmond, Staten Island, N. Y. 
Plans furnished for [ron and Steel Works, Gas Furnaces, 
Machine Shops, Foundries, and other Manufacturing Estah- 


lishments. Machinery aud Processes reported upon 


C. H. LINDENBERGER, 


Assoc. Am. Soc. C. E. 
Wayne Hotel, DETROIT, MICH. 


Drawbridge Stresses. 
Variable Moment of Inertia. 


COLEMAN SELLERS, E.D., 


M. Inst. C, E., M. Inst. M. M, Am. Bee C. &c. 


CONSULTING ENGINEER, 


OFFICE, 50 FORREST BUILDING, 
119 S. FOURTH ST., PHILA, 


F. LYNWOOD GARRISON, 


Mem, Am. Ins. M. E., Am, Soc. C, E., British Iron 
and Steel Inst., Franklin Inst. 


Geologist and Mining Engineer. 


SPECIALTIES: 
Economic Geological Surveys and 
Metallurgical Processes, 


328 CHESTNUT STREET, PHILA. 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 


ITHACA, N. Y. 
OFFICE PRACTICE ONLY. 


DAVID EVANS, 
CIVIL ENGINEER AND ARCAITECT, 
204 8. Fifth St., Philadelphia, 


JAY M. WHITHAM, 
STEAM and HYDRAULIC ENGINEER, 


131 S. THIRD ST., PHILADELPHIA. 


MILLIAM Cc. GATZMBER, 
Civil and Mechanical Engineering, 
Marine Architecture, 


132 S. Delaware Ave., and Tacony, Philadelphia. 


WM. VAN SLOOTEN, C. E. 


No. 74 WALL STREET, 
NEW YORK CITY. 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of Jravaat containing first insertion 
of adver. 


Patents Procured. 
G. MORGAN ELDRIDGE, 
ATTORNEY AT LAW, 
807 WALNUT ST., PHILADELPHIA. 


Space like this on this page, $12.00 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


AMERICAN HARD FIBRE CO., NEWARK, DELAWARE. 
Manufacturers of Hard and Flexible Fibre for 
ELECTRICAL, MECHANICAL AND MANUFACTURING PURPOSES. 


Send for & 
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THE JOHN SCOTT 
Legacy Medal ane Hreninm, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shal] merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxurn [nstrtvre, and the InstrTuTE, under 
the competent assistance of its 


Committee on Science and the Arts, 


andertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 
The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the inven- 


tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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MERRILL BROTHERS, 


MANUFACTURERS OF 


DROP HAMMERS, 
Air Cushion Upright Forge Hammers, Trimming 
Presses, Parallel Vises, Turnbuckles, 


465 to 471 KENT AVENUE, cor. S. Eleventh St., BROOKLYN, N. Y. 


NortIicE! 


The following Reports of the Examiners of the International Electrical Exhibition 
of the FRANKLIN INSTITUTE, held in 1884, have been published in pamphlet form, and 
will be mailed to any address on receipt of the price named. Address orders to 

Actuary of the FRANKLIN INSTITUTE, 
Philadelphia, Pa, 


Sect. V, VI and VIII.—Electric Lamps, Carbons for Arc Lamps, ...... . 20¢, 
XXII.—Electric Railway Signaling Apparatus,. g5oc, 
«“ XXIII.—Electro-Medical Apparatus, 

« XXV and XXVI.—Application of rege! to Art, Artistic Effects and 
« XXVII—Application of Electricity to Warfare, Bieta 20¢. 
« |XXX,—Machinery and Mechanical Appliances, 20¢. 
Special Report.—Efficiency and Duration of Incandescent Lamps,. ...... 


Report of Chairman’ on Exhibition Committee, . . . ee ee 25¢. 
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of the Institute. 


NOVEMBER, 1894. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objections as hereinafter stated, the 


award of 


The 
John Scott Legacy Medal and Premium 


PETER WILLIAM WILLANS, 


of Thames Ditton, Surrey, England, for his 


“IMPROVEMENTS IN STEAM ENGINES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 


TO 
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AN INDEX 


SUBJECT-MATTER AND AUTHORS 


FRANKLIN JOURNAL 


AND THE 


JOURNAL we FRANKLIN INSTITUTE 


FROM 


JANUARY, 1826, TO DECEMBER, 1885. 


Price, $5.00 per Copy, in paper covers. 


Address 
ACTUARY OF THE FRANKLIN INSTITUTE, 


. 1§ South Seventh Street, 


PHILADELPHIA, Pa., U. S. A. 
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GEORGE WESTINGHOUSE, Jr., President. JOHN CALDWELL, Treasurer. 
T. W. WELSH, Superintendent. W. W. CARD, Secretary. 
H. H. WESTINGHOUSE, General Manager. 


CHE WESCINGHOUSE 


PITTSBURGH, PA., U. S. A. 


MANUFACTURERS OF THE 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 24,000 
engines and 325,000 cars. This includes (with plain brakes) 232,000 freight 
cars, which is about 23 per cent. of the entire Freight Car Equipment of this 
country, and about 80 per cent. of these are engaged in Interstate traffic, afford- 
ing the opportunity of controlling the speed of trains by their use on railways 
over which they may pass. Orders have been received for 173,000 of the 
improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


E. L. ADREON, Manager. JOHN B. GRAY, Agent. Cc, C. HIGHAM, Gen’! Supt. 


The American Brake Co. 
The Westinghouse Air Brake Co., Lessee, 


New York Office: Chicago Office: 
160 Broadway, John B. Gray, Agent. Grand Pacific Hotel, 
——MANUFACTURERS OF—— 


LOCOMOTIVE + BRAKES. 
General Offices, St. Louis, Mo., U.S. A. 
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THE GENUINE 


Which is acknowledged by authorities and accorded the confidence of 
manufacturers throughout the United States and foreign countries, is 
manufactured exclusively by George W. Lord, practical chemist and 
inventor. Attention is called to other parties, who, through the 
appropriation of my antiquated patent, have deluded many manufac- 
‘turers into presenting them with their order for Lord’s Boiler Compound. 
The use of the above formula, patented in 1869, has been long discon- 
tinued, owing to my discovery of many new chemicals, which, upon 
critical experiment, have demonstrated their superiority. Lord’s 
Boiler Compound manufactured at the present time is an article 
greatly superior to the formula patented by me in 1869. Address 


GEORGE W. LORD, 316 Union Street, Philadelphia, Pa. 


GENERAL ELECTRIC COMPANY 


Complete Electrical Equipments 
for Central, or Isolated, Light and 
Power Installations. 


STATIONARY MOTORS. ELECTRIC MINE APPARATUS. 


TKANSMISSION OF POWER. 


PRINCIPAL SALES OFFICES: 
MAIN OFFICE, Schenectady, N. Y. 
Boston, Mass., 180 Summer St. New York, N. Y., 44 Broad St. 
Syracuse, N. Y., 244 West Fayette St. Buffalo, N. Y., Erie County Savings 
Philadelphia, Pa.. 509 Arch St. Bank Building. 
Pittsburg, Pa., 425 Wood St. Baltimore, Md., 18 South St. 


Washington, D. C , 1333 F St., N. W. 
Cincinnati, O., 264 West Fourth St. 
Chicago, Monadnock Building. 
Kansas City, Mo., New York Life Bid. 
Dailas, Tex., Cor. Field and Main Sts. 
San Francisco, Cal., 15 First St. 
Helena, Mont., Electric Building. 


Atlanta, Ga., Equitable Building. 
Cleveland, 0., 510 Cuyahoga Building 
Omaha, Neb., 309 South St. 

St. Louis, Mo., Wainwright Building. 
Denver, Col., Masonic Temple. 

St. Paul, Minn., 61! Pioneer Press Bid. 
Portland, Ore., Front and Ankeny Sts. 


Seattie, Wash., Bailey Building. 
All business outside of the United States transacted by the THOMSON- 
HOUSTON INTERNATIONAL ELECTRIC COMPANY, SCHENECTADY,N.Y. 


MONTHLY, FIVE DOLLARS PER YEAR. SINGLE NUMBERS, FIFTY CENTS. 
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Water. By Desmond FitzGerald and William Foss; 
es of the World. By Frasicis Wyatt, Ph.D., . 4%! 
vention. By Horace Pettit, of the Philadelphia Bar, . 


(NG 


DEVOTED TO 


Science and the Mechanic Arts. 


EDITED BY 

J. Hovsrom, A.M., Pu.D., Chairman, Pror. 

C.E., Pa Dy, “Mr. Taso. D. Rann, Prov. 

D.; Mr. J. C. Jr., Committee on Publications: 
with the Assistance of * 

We. Secretary of the Institute. 


CON TENTS, 


vractice and Education. By Gaetano Lanza, S.B., C. and 
of Theoretical aud Applied Mechanics, Massachusetts 
[NSTITUTE 
of the Stated Meeting, held Wednesday, November 
Service, Monthly Bulletin and Maps.— Supplement, 
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COUNSELLORS AT LAW 
OLICITORS OF PAFENTS 


LADELPHIA 
Forrest Bi 


Vv. YORK 
Potter Building, 38 Park Row 


lilding, 119 South Fourth Street 


SHINGTON 
Atlantic Building, 928 F Street 


ESTING MACHINES 


HYDRAULIC PRESSES. 
pon We are always prepared to make tests 
g of all Kinds. 


 TINIVUS OLSEN & CO. 


(ORTH TWELFTH STREET, PHILADELPHIA, PA. 


YSTONE ENGINE AND MACHINE WORKS, 


COR. FIFTH AND BUTTONWOOD STS., PHILADELPHIA. 


WILLIAM L. SIMPSON. 
MACHINIST AND ENGINEER, 
wanufacturer of Engines, Boilers, Pumps, Heaters, Ete. 


s and Power Indicated. 
il attention gi to Repairing Automatic and. other Engines, 
Cylinders Bor ut in Position by Special Machine: 
ies Agent for The Buckeye Automatic Cut-Off Engines. 
Office, FIFTH and BUTTONWOOD PHILADELPHIA 
TELEPHONE isogi. 
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COLORED 
DRAWING. 
INKS. 


should be trae in color, brilliant in tone, 
reliable in a? of unvarying uniform- 
ity, sting, Hiccins’ AMERICAN 
A = Inks are known the world over 
for these and other good qualities. Al- 
ways ask for Drawine Inxs 
whether you want Black or Colors, for 
brush of pen work, Twenty-five cents 
per bottle AP ALL DRALERS; thirty-five 


cents by mail, prepaid, from the manu- 


facturers, 
Sample card showing actual inks sent free. 


CHAS. M. HIGGINS & CO., Mfrs., 


368-170 Eighth St., Brooxiym, N. Y. 
Depot, 7 & St. Bride B.C., Ena. 


HARDENED 
TOOL STEEL 


BALLS 


Electrical 


Heat. 


DIAMETER. 
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Catalogue for Stamapy 


ELECTRICAL FORGING CO., 
163, 165, 167 BOSTON, 
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= $200) 8 inch. | $5.76 1 
2.00} 8 “ 6.50 1 
3.75 “ 14.00 1 65.00) 
| « 16.00 90.00 
5,00 1 19.00 2 100 
Discount Governed by Quantity Purchased. 
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THE COLUMBIA TYPEWRITER MF< 
116th St nox and Fifth Ave., New 


Washingt St. Paul, 9 Fourth 
1227 Ma New York, 307 Breadway 


For better and easier dratighting 


Send for So-page Tilustrated Catalogue of Fine 
Mecha: Tools, Milling Cutters and Draw- 


ing Apparatus. 


Box 18, Athol, 
Io. arrett Mags., U). S. A. 
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